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Front Cover: The first XB-70A late in its career sporting the yellow NASA tail stripe. This photo gives an excellent view of 
the undersurface of the fuselage, showing gear doors, weapons bay, and elevon details. (Mike Machat Collection) 

Back Cover (Left Top): Air Vehicle 1 returns to the Flight Research Center after a flight on 11 August 1967. Note that all 12 
elevons are deployed upward. (NASA /DFRC Collection) 

Back Cover (Right Top): The XB-70A used over 20,000 square feet of a unique stainless steel honeycomb skin. The skin was 
formed from three layers — solid (but thin) sheets on the top and bottom, with a porous core between them for light weight and 
heat resistance. (North American) 

Back Cover (Right Lower): Air Vehicle 2 under construction in the North American facility in Palmdale, California. The two- 
position forward windscreen is shown lowered. Also note how the lower radome is attached to the fuselage. (Gerald H. Balzer 
Collection) 

Title Page: The two maidens on the ground at Edwards. A/V-2 is in the foreground with the older sister behind her The five 
degrees of dihedral on the wing seems exaggerated in this photo, but it was nevertheless a noticeable difference between the two 


aircraft. (AFFTC History Office Collection) 
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PREFACE 


THE THANKS Go To 


hen one thinks of Mach 3 
aircraft, what generally 
comes to mind is the 
Lockheed SR-71 or perhaps the MiG 
25. But there was another Mach 3 
design, one that was a good deal 
larger and five times heavier than 
the Blackbird or the Foxbat. Perhaps 
even more futuristic looking, the 
North American Aviation XB-70A 
Valkyrie was the culmination of 
General Curtis LeMay’s quest for 
the ultimate strategic bomber. 


The beginning of the XB-70A story is 
intertwined with the development 
of a nuclear-powered bomber - 


something that could only have 
been imagined during the 1950s - 
and a new Mach 3+ interceptor, the 
Е-108 Rapier. АП three of these pro- 
grams were intended to share sys- 
tems and components, largely as a 
cost-cutting measure, and the fund- 
ing nightmare soon unraveled as 


first the nuclear-powered bomber, 


then the F-108, were cancelled. 


Today, the popular conception of a 
strategic bomber is the Boeing B-52 
Stratofortress. A product of the 
1950s, the B-52 recently made the 
nightly news while carpet-bombing 
the Taliban in Afghanistan. But 


The second XB-70A shows the massive area provided by the delta wing. In addition 
to providing a great deal of lift on its own, the delta wing used the shock wave 
produced by the forward tip of the lower fuselage to generate approximately 30 
percent more lift — something called "compression lift" by the engineers. This photo 
provides a good comparison with A/V-1 on the cover. (Rockwell via Jay Miller) 


what is often overlooked, especially 
50 years later, is that the B-52 was 
the second in a line of "interim" 
bombers. The first was the Convair 
B-36, a project begun when it was 
feared that World War II would 
need to be conducted entirely from 
bases within North America. The 
resulting aircraft was something of 
a technical triumph, but it was still 
a piston-powered aircraft born into 
the beginning of the jet age. Almost 
as soon as the aircraft appeared, 
the Strategic Air Command (SAC) 
began planning to replace it with 
the newer B-52. 


But the B-52 was also born at an 
awkward time. Although the aircraft 
that eventually emerged was blessed 
with swept wings and jet engines - 
resulting in a bomber that cruised 
almost twice as fast as the B-36 – it 
was still a subsonic aircraft at a time 
when the Air Force desperately 
wanted to go supersonic. The first 
supersonic bomber - the Convair 
B-58 Hustler - was an outgrowth of 
the preliminary studies that eventu- 
ally led to the B-70. Sleek looking 
and fast, it was, at best, a medium 
bomber. As events turned out, the 
B-58 - magnificent as it was — 
became a maintenance nightmare, 
pushing the state-of-the-art a little 
too far. Its tenure was very brief. 


What Curtis LeMay wanted was an 
aircraft with the range and payload 
capabilities of the B-52 and the 
speed of the B-58. Initially, the 
replacement for these bombers was 
to be split between a futuristic 
nuclear-powered bomber (WS-125A) 
and a more conventional aircraft 
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(WS-110A) that used a new high- 
energy fuel. When these programs 
began to lag due to technical chal- 
lenges and funding difficulties, the 
"interim" B-52 was supplemented 
with an "improved" B-52 that even- 
tually emerged as the B-52G/H. 


There was, however, a dark horse 
that had been largely dismissed by 
the user command (SAC), but was 
high prized by the development 
commands (ARDC and AMC) and 
the politicians. The intercontinental 
ballistic missile (ICBM) was 
thought to be decades from opera- 
tions. Then, rather suddenly, break- 
throughs that resulted in smaller 
thermonuclear weapons and reli- 
able guidance systems allowed the 
Atlas and Titan to be deployed 
much sooner than had been expect- 
ed. Manned bombers now appeared 
-at least to some - to be redundant. 


The demise of the WS-125A was a 
mixed blessing for the B-70 pro- 
gram. It left the Valkyrie as the only 
manned strategic system under 
development, helping it gain priori- 
ty. But the loss of a second funding 
source for shared systems made the 
B-70 appear to overrun its budget. 
The cancellation of the F-108 exas- 
perated this appearance. The 
deployment of workable ICBMs was 
the death blow. 


Changing political and budgetary 
climates at first killed the program, 
then brought it back to life as a two- 
vehicle test program — sort of a 
sheep in wolf’s clothing. Regard- 
less, when the Valkyrie finally flew, 


A/V-2 flies past the parked A/V-1 
during an airshow at Edwards AFB, 
California. The second aircraft is 
accompanied by a B-58 chase plane (and 
a T-38 that is just out of the frame). 
(Tom Rosquin Collection) 


it was truly awe-inspiring. Minor 
technical glitches plagued the pro- 
gram early on, but eventually the 
aircraft routinely flew at its Mach 3 
design speed. 


Then tragedy. Air Vehicle 2 was lost 
in a midair collision during a staged 
photo shoot after returning from a 
test flight. XB-70A pilot Al White 
survived, but copilot Carl Cross, 
along with F-104 pilot Joe Walker, 
died in the accident. The program 
would continue to fly for a while 
using Air Vehicle 1, but the end was 
in sight for the largest Mach 3 air- 
craft ever built. Today the single 
remaining aircraft is housed at the 
Air Force Museum in Dayton, Ohio — 
just as awe-inspiring as the day she 
was rolled out in Palmdale , Califor- 
nia, 40 years ago. 


The authors would like to thank: 
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Randy Cannon, Joe Cotton, Archie 
DiFante at the AFHRA, Fitzhugh 
“Fitz” Fulton, Michael H. Gorn and 
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Denny Lombard, Michael J. Lombar- 
di at the Boeing Archives, Betty Love 
at DFRC, Scott Lowther at Aerospace 
Projects Review, Yancy Mailes, Don 
Mallick, Jay Miller, Doug Nelson at 
the AFFTC Museum, Ken Neubeck, 
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A/V-1 during taxi tests at Palmdale prior to first flight. At 500,000 pounds, the Valkyrie was the heaviest aircraft built at the 
time. This posed some challenges for systems that had little to do with the bomber's Mach 3 speed potential — such as brakes, 


which tended to chatter during low-speed stops. Taxiing the XB-70A took some getting used to since the pilots sat high and far 
in front of the landing gear. (Tony Landis Collection) 
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he building of the XB-70A 

| probably ranks as one of the 

most convoluted processes 

in modern defense procurement. Ini- 

tial studies were hampered by limi- 

tations in the state-of-the-art, but 
ultimately resulted in the develop- 
ment of the Convair B-58 Hustler, 
the world’s first supersonic bomber. 


Later studies were intertwined with 
at least three other programs. An 
effort to develop a nuclear-powered 
bomber (NPB) under WS-125A - 
itself an outgrowth of the very expen- 
sive Nuclear Energy for the Propul- 
sion of Aircraft (NEPA) and Aircraft 
Nuclear Propulsion (ANP) programs 
— provided an unnecessary diversion 
of funds and interest from the less- 
technically advanced WS-110A chem- 
ically-powered bomber (CPB) pro- 
gram that eventually became the 
B-70. A fleeting desire to build a 
reconnaissance version of the new 
bomber as WS-110L fell by the way- 
side as other programs promised 
more significant advances, but again 
diverted resources from the B-70 for 
a short time. The F-108 interceptor 
was seen as a second funding source 
for many WS-110 and WS-125 sub- 
systems (including the J93 engines), 
and its premature cancellation 
forced a major funding crisis upon 
the B-70 program. 


Perhaps most significantly, one of 
the competitors for funds was the 
intercontinental missile program. 
At first it was not obvious whether 
the resulting weapon would be a 
large cruise missile or a ballistic 
missile. In fact, it was not readily 
apparent that the concept would 


work at all. Ultimately, break- 
throughs in building smaller ther- 
monuclear weapons and accurate 
guidance systems allowed the 
development of the Atlas and Titan 
intercontinental ballistic missiles 
(ICBM) as well as the Thor interme- 


diate range ballistic missile (IRBM) 
and the Navy's Polaris (and later, 
Poseidon and Trident) submarine 
launch ballistic missiles (SLBM). 
These largely spelled the end for 
both the long-range cruise missiles 
and the manned bomber programs. 


Initially the ballistic missiles were given little chance of immediate success since 
the size of the thermonuclear warheads was so large. However, much sooner than 
expected, the warheads became smaller and missiles like the Atlas became possible. 
This is the ninth Atlas-B test vehicle on its pad at Cape Canaveral AFS, Florida, on 
17 November 1958. (45th Space Wing History Office) 
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ONCE UPON A TIME ... 


As early as 1947 the Air Force had 
begun developing requirements for a 
supersonic intercontinental bomber. 
In early 1948 two companies, Boeing 
and Consolidated-Vultee Aircraft 
(usually called Convair), received 
Air Force contracts to study the pos- 
sibilities of a supersonic bomber. 
Over the next four years these and 
subsequent studies evolved into a 
competition that resulted in the Con- 
vair B-58 Hustler medium bomber.' 


On 30 March 1953 the Strategic Air 
Command (SAC) defined its future 
aircraft requirements in a letter to Air 
Force Headquarters. SAC believed 
that manned flight to high altitudes 
and long ranges should be "... at all 
times a priority objective of the Air 
Force development program." The 
on-going intercontinental missile 


program was not expected to yield 
an operational weapon in the fore- 
seeable future, due in large part to 
the anticipated size and weight of 
the thermonuclear warhead. There- 
fore, SAC called for the design and 
production of a high-performance 
long-range bomber to follow the 
B-52. The projected bomber was to 
employ ^... the longest range, high- 
est altitude, and greatest speed (in 
that order of priority), capable of 
attainment in the time period under 
consideration and consistent with 
requirements for military payload 
and defensive systems.” 


The bureaucracy was apparently 
much more responsive in 1953, and 
on 1 May 1953 contract AF33(616)- 
2070 was issued to Boeing for a one- 
year study of an advanced strategic 
weapons system. The requirement 
was for a manned aircraft possess- 


The initial studies for a supersonic bomber resulted in the development of the Con- 
vair B-58 Hustler. The aircraft was much faster than any other bomber in the world 
at the time, but it had relatively short legs and was a maintenance nightmare. After 
less than a decade in service, SAC retired them. (U.S. Air Force) 


ing intercontinental range while car- 
rying a 50,000-pound thermonuclear 
payload. It was to become opera- 
tional in the 1960-1965 timeframe. 


Boeing presented their preliminary 
results on 22 January 1954, leverag- 
ing heavily off developments made 
in the NEPA/ANP programs. The 
problem was that the early nuclear 
engines - although being very long- 
ranged - were not expected to be 
powerful enough to push a large air- 
craft through the sound barrier. In 
order to gain more speed for short 
periods of time, Boeing augmented 
the nuclear engines with a pair of 
conventional turbojets (called chem- 
ical engines although they burned 
standard JP-4). The nuclear engines 
would provide a long-range subson- 
ic cruise capability, while the chemi- 
cal engines would produce addition- 
al thrust for a short supersonic dash 
over the target. In March 1954, Boe- 
ing presented their final report on a 
chemically-augmented nuclear-pow- 
ered aircraft; Convair and Lockheed, 
under contracts with the Office of 
Aircraft Nuclear Propulsion, submit- 
ted similar data? 


Then the unexpected occurred. By 
May 1954 the National laboratories 
had managed to reduce the size and 
weight of the so-called "H-bombs" to 
the point that they no longer repre- 
sented a daunting payload. At about 
the same time, breakthroughs at MIT 
and other research institutes allowed 
the development of accurate and 
compact guidance systems. These 
technical advances provided a strong 
impetus to accelerate development of 
a new manned strategic bomber. Per- 
haps unfortunately, they also provid- 
ed the break that was necessary for 
the development of workable ballistic 
missiles, which eventually replaced 
the manned bomber as the deterrent 
system of choice. 
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Since these developments largely 
invalidated most of the concepts 
investigated by Boeing for the previ- 
ous year, a 12-month extension was 
awarded as Project MX-2145. The 
specifications included 20,000- and 
40,000-pound payloads, a radius of 
action between 3,000 and 5,000 miles, 
refueling (if necessary) outside the 
Soviet early-warning system, and a 
cruise altitude above 50,000 feet 
while over enemy territory. 


At the time, the Air Force had an 
independent engine program that 
developed new power plants largely 
separately from the programs that 
would eventually use them. In the 
fall of 1954 the Power Plant Labora- 
tory at Wright Field began investi- 
gating possible engines for the new 
bomber. Two turbojets were espe- 
cially promising – the Allison |89 
combined an efficient subsonic 
cruise potential with a supersonic 
dash capability; and the all-super- 
sonic Pratt & Whitney 191 (JT9) 
being developed to support the ANP 
program. Two other engines were 
less seriously considered - the Gen- 
eral Electric X84 (TF31) turbofan and 
the ambitious dual-cycle Wright J67 
being developed for the Republic 
ХЕ-103 interceptor, a unit in which 
the afterburner transformed into a 
ramjet at about Mach 2.25. 


In early October 1954, the Air Force 


published General Operational 


Requirement No. 38 (GOR 38). The 
document was brief – it called for an 
intercontinental manned bomber to 
replace the B-52 by 1963. On 28 
October 1954, the Air Research and 
Development Command (ARDC) 
presented General Curtis E. LeMay, 
the Commander-in-Chief of SAC, 
with four advanced concepts. The 


* This preference had saved the B-36 program on more than 
one occasion. In all, it is a logical argument — what good is 
speed if you lack the range to get to your target? 


Little was ever declassified about the 
WS-125A project, although this drawing 
of one of the Convair designs has 
circulated for years. The two nuclear 
engines were located in the fuselage; the 
underwing engines were conventional 
"chemical" turbojets used to provide 
extra power for the supersonic dash. 
(General Dynamics) 


first was a conventional chemically- 
powered bomber available in 1963 
with a combat radius of 3,000 nm. 
This bomber was to cruise at Mach 
0.9, but would penetrate the last 750- 
1,000 nm at speeds between Mach 
1.5 and Mach 2.5 and an altitude of 
50,000 to 60,000 feet. The second 
alternative was the nuclear-cruise 
and chemical-dash concept initially 
devised by Boeing. Also available in 
1963, this design carried a much 
higher development risk than the 
first concept. The third idea was the 
same as the second, except the oper- 
ational date was slipped to 1965, 
somewhat easing the development 
risk. The last alternative was a 
nuclear-cruise aircraft with a 
nuclear-dash capability, but it would 
not be available until 1968-1970, at 
the earliest. 


In choosing the second alternative, 
LeMay reaffirmed the urgency of the 
1963 date - this was a year after the 
last B-52 was expected to be manu- 
factured, and would represent the 
end-of-life for the earlier model B- 
52s. Preliminary studies by Boeing, 
Convair, and Lockheed had all 
shown that a chemically-augmented 
nuclear-powered bomber could be 
designed and built, although the 
supersonic dash capability would 
likely be less than 750 nm. 


However, LeMay was nothing if not 
a realist. To guard against unexpect- 
ed problems in the nuclear program, 
he wanted a chemically-powered 


bomber developed in parallel as a 
separate program. Although sound 
from a military perspective, LeMay's 
proposal was expensive - the cost of 
developing both systems was esti- 
mated at $3,900 million. On 9 
December 1954 the Wright Air 
Development Center (WADC) rec- 
ommended against this proposal 
and suggested that all efforts should 
be concentrated on the nuclear-pro- 
gram. Ignoring this advice, on 29 
December 1954 the Air Council 
decided to pursue two simultaneous 
but independent development pro- 
grams for a chemically-powered 
bomber (WS-110A) and a nuclear- 
powered bomber (WS-125A). Both 
were to be operational by 1963. 


In light of the Air Council decision, 
and in response to GOR 38, on 18 
February 1955 the ARDC issued 
Study Requirement No. 22 (SR 22) 
for a chemically-powered bomber 
capable of cruising at Mach 0.9 and 
possessing "maximum possible 
speed" during a 1,000 nm penetra- 
tion while carrying a 50,000-pound 
load. The desired radius of action 
was 4,000 nm, generally reflecting 
the preference SAC had always 
shown for range over high speed. 


Around the same time, the Air Force 
released GOR 96 for an interconti- 
nental reconnaissance system very 
similar to WS-110A. This followed 
LeMay's practice of procuring a 
reconnaissance version of each post- 
war strategic bomber (there had 
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been RB-36s, RB-45s, RB-47s, and 
even some early RB-52s). The recon- 
naissance system was identified as 
Weapon System 110L. Logically 
enough, the two systems were soon 
combined, becoming WS-110A /L.5 


The number of engines under consid- 
eration grew in 1955 and 1956. 
Wright had come up with an 
improved J67 called the TJ32C4. Pratt 
& Whitney offered. ^n improved )75. 
General Electric proposed at least 
two advanced versions of the J79 – 
the company-designated X207, which 
raised the engine's thrust from about 


Convair B-36 w/GEBO ІІ Parasite 
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15,000 to 18,000-Ibf, and the 20,700- 
Ibf X275. Still the Allison J89 and the 
Pratt & Whitney J91 were the only 
two candidates actively under devel- 
opment by the Air Force. 


CHOOSING A CONTRACTOR 


On 22 March 1955 the Air Force 
issued GOR 82, superseding the ear- 
lier GOR 38; on 15 April SR 22 was 
revised to match. The requirements 
lowered the radius of action to 3,000 
nm and the dash distance to 750 nm 
in an effort to preserve the 1963 
operational date. However, it is 


MAIN LANDING GEAR 
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noteworthy that GOR 82 called for 
the maximum possible "supersonic" 
speed in the combat zone as 
opposed to the earlier “maximum 
possible speed" — a subtle but signif- 
icant difference. 


In April 1955 the WADC proposed 
slipping the operational date to mid- 
1964 in order to reduce fiscal and 
development risks. At the time, the 
estimated cost to develop and field 
an operational wing of the new 
aircraft was $2,500 million. This 


.assumed that the nuclear-powered 


bomber would also be developed, 
that the new engine for the chemical- 
ly-powered bomber would be paid 
for by the normal Air Force engine 
program, and that certain subsystem 
development costs would be shared 
by the WS-125A program.* 


On 16 July 1955, six airframe con- 
tractors — Boeing, Convair, Douglas, 
Lockheed, Martin, and North Amer- 
ican — were selected to bid on the 
preliminary WS-110A/L studies. 
Convair and Lockheed were soon 
awarded WS-125A contracts and 
elected not to compete for the seem- 
ingly less-challenging WS-110A/L 
contract. Douglas and Martin, along 
with another division of Convair, 
were busy developing missiles and 
did not want to dilute that effort.’ 
Therefore, the WS-110A competition 
narrowed to two companies, Boeing 
and North American Aviation. 


Separately, on 6 October 1955 the Air 


Force released GOR 114 for the 
WS-202A Long-Range Interceptor, 
Experimental (LRIX) program. Sur- 
prisingly, no record of a competition 
exists, but on 6 June 1957 North 
American received a letter contract 
for an all-weather two-man, twin- 
engine interceptor to be operational 


CONTAINING: 
1 ENGINE 


JETTISONABLE POD 
5 2 CREW MEMBERS 
INTEGRAL FUEL TANKS 
IN WING 


3 ENGINES 
INTEGRAL FUEL TANKS 
1-10,000 LB. BOMB AND 


1 RADIO EQUIPMENT AND 
BOMB DIRECTING EQUIPMENT 


BOMB DIRECTING EQUIPMENT 


The Convair GEBO studies were among the more bizarre attempts to create a 
supersonic intercontinental bomber. A small two-part parasite would be "towed" by 
а B-36 to a location off the Soviet coast, then released for a high-speed bomb run 


against its target. (Jay Miller Collection) 
WARBIRDTECH 


* Convair was developing the Atlas ICBM; Douglas the Thor 
IRBM; and Martin the Titan ICBM. 
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REPUBLIC XF-103 


In early 1948 Alexander Kartveli at 
Republic Aviation began designing 
the Mach 3 AP-44A all-weather 
high altitude defense fighter — less 
than a year after the first XS-1 
supersonic flight,. Republic sent 
preliminary data to the Air Force in 
January 1951, and in September 
received a Phase I development 
contract for WS-204A. Although 
the entire aircraft was extremely 
futuristic, perhaps its most notable 
feature was the Wright J67 dual- 
cycle turbojet engine. The engine 
installation provided a large 
bypass duct that fed air directly 
into the afterburner, allowing it to 
function as a ramjet at high speed." 


A full-scale mockup was reviewed 
on 2 March 1953, and resulted pri- 
marily in replacing the pilot's 
canopy with a flush cockpit 
equipped with a periscope. An 18- 
month extension of the Phase I con- 
tract was used for further studies 
of titanium fabrication, high-tem- 
perature hydraulics, escape cap- 
sules, and periscopic sights. 


Although development money was 
hard to come by, the Air Force 
decided that the Mach 3 interceptor 
held so much promise that they 
continued to fund the program 
despite a variety of technical prob- 
lems. By July 1954 the program had 
advanced to the point that the Air 
Force awarded Republic a contract 
to manufacture three prototypes. 
However, various technical prob- 
lems continued, and the low fund- 


ing level made it difficult to apply 
sufficient resources to overcome 
them, so solutions were elusive.” 


In early 1957 the program was cut 
back to a single prototype and two 
flight engines, but little progress 
had been made by 21 August 1957 
when the XF-103 prototype and 
Wright engine were cancelled 
entirely. The pror, ram had cost $104 
million over nine years." 


The XF-103 was probably the first serious Mach 3 design proposed in the 
United States. This mockup has a conventional cockpit canopy; the final design 
used a flush canopy equipped with a periscope. The first flight vehicle was under 
construction when the program was cancelled. (Republic via Ken Neubeck) 
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COUPE REIR 


Alexander Kartveli selected an innovative engine concept where the afterburner was physically separated from the Wright 
J67 turbojet. At speeds above Mach 2.5, inlet air was routed around the |67 directly to the afterburner, fuel was added, and 
the unit became a ramjet. This eliminated the temperature restrictions inherent in turbojet engines. The fire control system 
and GAR-1 (AIM-4) Falcon missile armament would have been identical to that installed on the Convair F-102 Delta 
Dagger. The basic |67 was briefly considered for use on the early WS-110A concepts. (Republic via Charles E. Rogers ) 


NORTH AMERICAN XF-108 


The Republic XF-103 effort was in 
obvious difficulties by 1955, but the 
Air Force still felt a need for an 
interceptor with higher perfor- 
mance than was expected from the 
upcoming Convair F-102B (F-106). 
On 6 October 1955 the Air Force 
released GOR 114 for the Long- 
Range Interceptor, Experimental 
(LRIX), which was largely a less 
technically demanding follow-on 
to the struggling XF-103. North 
American won the compeition over 
Lockheed and Northrop, and on 6 
June 1957 received a letter contract 
for an all-weather two-man, twin- 
engine interceptor." 


The aircraft would be capable of at 
least Mach 3 at 70,000 feet. After 
cruising more than 1,150 miles at its 
best (probably subsonic) speed, the 
F-108 was to have sufficient fuel for 
5 minutes of combat at Mach 3, 
then be able to cruise home. Alter- 
nately, the aircraft could scramble 
390 miles at Mach 3 and engage in 
10 minutes of Mach 3 combat. To 
achieve this required a large aircraft 
- the F-108 was 85 feet long, 
spanned 53 feet, and was 22 feet 
high. The gross weight was 102,000 
pounds, with a combat weight pro- 
jected at 73,000 pounds. The wing 
area was 1,400 square feet." 


The F-108 mockup was inspected 
on 26 January 1959, and the aircraft 
was named Rapier on 15 May 1959. 
First flight was expected in March 
1961 with operational aircraft being 
delivered beginning in 1963. 
Although the Air Force had a stat- 
ed requirement for 480 of the air- 
craft, fiscal problems resulted in 
the program being cancelled on 23 
September 1959.19 
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The Hughes Aircraft Corporation 
was developing the advanced 
AN / ASG-18 fire-control system for 
the new interceptor. The F-108 
would carry three GAR-9 (AIM-47) 
Super Falcon missiles in a rotary 
launcher just aft of the cockpit. 
These missiles could be fitted with 
large conventional or small nuclear 
warheads. Even after the XF-108 
was cancelled, development of the 
fire control system and missile con- 
tinued, eventually finding brief use 
on the three Lockheed YF-12A inter- 
ceptor prototypes. The performance 
of the system was, by all accounts, 
very successful. The basic system 


architecture and many of the 
lessons learned from the develop- 
ment effort were later applied to the 
AN/AWG-9 and AIM-54 developed 
for the Grumman F-14 Tomcat. 


Other subcontractors involved in 
the XF-108 program included Con- 
vair (wing), Marquardt (air induc- 
tion control system), Hamilton 
Standard (air conditioning and 
pressurization), the Federal Divi- 
sion of the International Telephone 


& Telegraph Company (mission 


and traffic control system), and the 
Electronic Specialty Company 
(antennas). 


An artist concept of the F-108. A later version would trade the true delta wing 
for something resembling a "cranked" wing. (Terry Panopalis Collection) 


The XF-108 mockup as it appeared during the formal Air Force review. The 
aircraft promised performance roughly equivalent to that later achieved by the 
Lockheed ҮЕ-12А. (Terry Panopalis Collection) 
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in 1963. The aircraft was to be pow- 
ered by the same engine selected for 
the WS-110A, and would also share 
many of the subsystems, such as 
escape capsules, navigation systems, 
hydraulics, etc. This is particularly 
interesting when you note that the 
letter contract was issued almost six 
months before North American won 
the WS-110A competition.’ 


On 8 November 1955 the Air Force 
awarded letter contracts to both Boe- 
ing and North American for the 
Phase I development of Weapon 
System 110A /L. Each contractor had 
to provide models, drawings, speci- 
fications, reports, conduct wind tun- 
nel tests, and construct a mockup 
within two years. Boeing signed 
contract AF33(600)-31802 on 15 
March 1956; North American fol- 
lowed on 16 April with contract 
AF33(600)-31801." 


DESIGN PROPOSALS 


Not surprisingly the preliminary 
designs submitted by Boeing and 
North American in mid-1956 were 
quite different. The Boeing concept 
was a fairly conventional swept- 
wing aircraft powered by four 
27,070-Ibf (in afterburner) General 
Electric X275 turbojets. The North 
American design used six 26,425-lbf 
versions of the X275 and somewhat 
resembled a scaled-up Navaho mis- 


sile.’ Still, in order to meet the range 


requirements several features of the 
two designs were remarkably simi- 
lar. Both aircraft would weigh some 
750,000 pounds and use “floating 
wing panels” (a term coined by Boe- 
ing but ultimately applied to both 


* The North American SM-64A Navaho (WS-104A) was a ver- 
tically launched, air-breathing, intercontinental surface-to- 
surface, delta-wing missile, with a length of 87 feet and a 
diameter of 6.5 feet. Production was canceled in July 1957 
because of budgetary and technical problems and the success 
of the ICBM program. The Navaho development cost over 
$600 million, but much of the work performed found later 
application on other programs, including the Space Shuttle. 


Floating wingtips. The Boeing Model 724-13 used two Model 724-1001 wingtips 
to carry extra fuel during the subsonic cruise portion of the WS-110A mission. 
(Boeing via the Terry Panopalis Collection) 
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design) to house additional fuel. 
Each of the 190,000-pound (loaded) 
panels was the size of a B-47 medi- 
um bomber and would carry fuel for 
the trip to the target. When the fuel 
was exhausted the panels would be 
jettisoned — without the panels the 
main aircraft would be capable of 
dash speeds in excess of Mach 2." 


The floating panel concept had first 
been put forward by Dr. Richard 
Vogt, a German scientist who came 
to the United States after World War 
II. Vogt proposed to increase the 
range of an aircraft by attaching two 
"free floating" panels to carry extra 
fuel. This could be accomplished 
without undue structural weight 


This was the North American concept that used floating wingtips. Note the 
location of the canard. The Air Force was concerned that the canard restricted 
forward visibility to the point of being dangerous during takeoff and landing. 
(above: Gerald H. Balzer Collection; below: Terry Panopalis Collection) 


penalties if the extensions were free 
to articulate and were self-support- 
ed by their own aerodynamic lift. In 
addition, the panels would effective- 
ly increase the aspect ratio of the 
overall wing, providing a significant 
reduction in wing drag. Therefore, 
as the theory went, the extra fuel 
was being carried "for free" by the 
more efficient wing and the extra 
fuel increased the range of the air- 
craft. Other potential uses for this 
concept quickly became apparent. 
The one that sparked the most inter- 


.est was for a bomber to carry two 


escort fighters, one on each wingtip. 
The Germans had apparently experi- 
mented with the idea during late 
1944 and the U.S. Air Force began 
similar experiments in 1949 using a 
Douglas C-47A and Culver PO-14B. 
To further evaluate the concept, two 
projects, TIP TOW and Tom-Tom, 
attached jet fighters to the wingtips 
of a B-29 and a B-36. However, it 
was finally decided that the experi- 
ments were too,dangerous after a 
three-aircraft EF-84D/EB-29A / 
EF-84D array crashed as a unit on 
24 April 1953, killing everybody on 
all three aircraft." 


Nevertheless, the floating wing tip 
concept was strongly supported by 
the ARDC during 1956 as a likely 
method of achieving the desired 
range for WS-110A. In September 
1956 an ARDC study group reported 
that floating wing tips appeared to 
be a "very promising means of 
extending the subsonic range of air- 
craft from 30% to 10096." 


The Boeing and North American pre- 
liminary designs had another factor 
in common - both were considered 
unsatisfactory. Upon seeing the con- 
cepts, Curtis LeMay is reported as 
saying “These aren't airplanes, they 
are three-ship formations." At rough- 
ly 750,000 pounds fully loaded, there 
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were no runways in the world that 
could support the proposed aircraft. 
The floating wing tips seemed 
impractical since they extended the 
wingspan to nearly 300 feet and 
could not be accommodated on any 
airfield. Additionally, many in the Air 
Force had grown wary of the floating 
panel concept after the 1953 TIP 
TOW crash. In September 1956, a dis- 
appointed Air Staff recommended 
that both contractors "return to the 
drawing board.” 


SELECTING A CONTRACTOR 


During late 1956 and the first part of 
1957 the possibility of an all-super- 
sonic mission concept appeared to 
become more feasible. The develop- 
ment of turbojet engines with 
reduced fuel consumption in super- 
sonic flight was one advance, and 
basic research in aerodynamics at 
the NACA Ames Aeronautical 
Laboratory allowed the contractors 
to refine their airframe configura- 
tions to varying degrees. At the 
same time, the Navaho missile 
began demonstrating the feasibility 
of extended Mach 3 flight. 


By March 1957 it seemed almost cer- 
tain that the new weapon system 
could be an all-supersonic cruise 
vehicle as opposed to a "split-mis- 
sion" aircraft. The designers had dis- 
covered that if the entire aircraft 


(engines, air induction system, and 


airframe) was designed for Mach 3 
flight then the range would compare 
favorably with that of a subsonic 
vehicle. The engine contractors 
seemed to support this theory. Both 
airframe contractors also concluded 
that, as suggested by the Air Force, a 
boron-based high-energy fuel used 
in the engine afterburner would pro- 
vide a 10-15 percent increase in 
range over conventional JP-4. This 
extra range, however, would come 


An evolved Boeing Model 724-16 shows that engines have been added to each of the 
Model 724-1000 floating wingtips, and that an additional engine has been added 
under each wing of the main aircraft. (Boeing via the Terry Panopalis Collection) 


at a significant cost in terms of fuel 
system complication and engine 
design. (See Appendix C for a brief 
history of the HEF program).” 


In the spring of 1956 there had been 
three engines under active considera- 
tion - the Allison J89, Pratt & Whit- 
ney J91, and General Electric X275. 
The race became a two-way contest 
after the all-supersonic mission 
model was adopted, effectively. rul- 
ing out the J89 that was optimized for 
subsonic cruise. The two remaining 
engines were gradually tailored to 
the anticipated needs of the 
advanced bomber. The giant J91 was 
scaled down and transformed into a 
Mach 3 engine; as a Navy-sponsored 
project it became the J58 that would 
go on to power the Lockheed Black- 
birds. The General Electric X275 (a 
scaled-up J79) became the X279 when 
it was optimized for Mach 3 cruising 
and eventually became the J93.” 


Since both of the airframe contrac- 
tors favored the General Electric 
engine over that from Pratt & Whit- 
ney, on 26 July 1957 the Air Force 
issued letter contract AF33(600)- 


35824 for the development of the 
X279E. The engine was officially des- 
ignated XJ93-GE-1 on 25 September 
1957. The definitive contract was 
signed on 14 May 1958. The new 
engine was a medium-pressure-ratio 
turbojet with a mass airflow of 
approximately 220 pounds per sec- 
ond and a potential speed of more 
than Mach 3. Interestingly, no men- 
tion was made of high-energy fuels.” 


Having sufficiently studied the con- 
cept, on 30 August 1957 the Air 
Force told the airframe contractors 
that a winner would be selected 
after a 45-day competitive design 
period. On 18 September, the Air 
Force issued a final revised specifi- 
cation that called for a cruise speed 
of Mach 3.0 to Mach 3.2, an altitude 
of 70,000 to 75,000 feet, a range of 
6,100 to 10,500 miles, and a gross 
weight between 475,000 and 490,000 
pounds. The final Boeing and North 
American proposals would be due 
іп 30 days.” 


The resulting designs were for much 
more realistic aircraft. They were 
about the same length as the B-52, 
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but had slightly less wingspan, were 
a little taller, and weighed about 10 
percent more. Both aircraft were 
designed to use existing B-52 bases 
and to be maintained by existing 
skills available to SAC. 


The Boeing design was a delta wing generally resembled an overgrown 
Bomarc missile. Six General Electric 


aircraft with retractable canards that 


The original Boeing Model 804-1 used small retractable canards for trimming, but 
these were found to be unsatisfactory as wind tunnel testing progressed. (Terry 


The slightly later Boeing Model 804-4 
added a larger canard that was used — 
much like North American's entry — 
only for trim at high speeds. Note the 
spoiler panels integrated into the sides 
of the vertical stabilizer, and the large 
antenna protruding from the trailing 
edge of the vertical. The wing was 
equipped with leading edge flaps. Note 
that the basic engine placement would 
later be used years the Model 733 SST. 
(The Boeing Company) 


J93 engines in individual pods under 
the wing burned boron fuel in the 
afterburners only (JP-4 was used in 
the main combustor). Boeing pro- 
posed a titanium hot-structure much 
like what would appear on the Lock- 
heed Blackbirds. The gross weight 
was 499,500 pounds, a little over the 
requirement but deemed acceptable. 


The North American aircraft fea- 
tured a large delta wing, a forward 
canard, and an airframe constructed 
from a newly-developed stainless 
steel honeycomb material. The outer 
20 percent of each wingtip could be 
folded downward to provide addi- 
tional stability at high speeds, allow- 
ing smaller (with less drag) vertical 
stabilizers. Like Boeing, North 
American opted for six J93 boron 
engines, but housed them side-by- 
side in a single large box-like struc- 
ture under the wing. Gross weight 
was estimated at 483,000 pounds. 
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The Air Force evaluation group, 
numbering about 60 members, 
reviewed the North American pro- 
posal during the last week of Octo- 
ber; Boeing had their turn during 
the first week of November. The 
North American proposal was unan- 
imously found to be superior to 
Boeing's, and the results were pre- 
sented to the Air Council on 15 
December. The Air Force formally 
announced North American's selec- 
tion on 23 December 1957.5 


Part of why North American had 
won was that the Air Force believed 
a bit of aerodynamic voodoo includ- 
ed in the proposal. Without the float- 
ing wingtips to provide additional 
range, North American engineers 
had poured through every aerody- 
namic study they could find, looking 
for anything that could be applied to 
the new bomber. What they “discov- 
ered" during the literature search 
was a report written by МАСА" 
reseachers. Alfred J. Eggers and 
Clarence A. Syverston on 5 March 
1956. Entitled Aircraft Configurations 
Developing High Lift/Drag Ratios at 
High Supersonic Speeds, the paper 
suggested that a high-speed aircraft 
could be designed such that the lift- 
over-drag ratio could be increased in 
supersonic flight by relying on pres- 
sure from the shock wave impinging 
on the lower surfaces of the wings. 
North American exploited this “com- 
pression lift" theory by using a 
wedge-shaped box inlet under the 
leading edge of the wing to create a 
positive pressure behind the main 
shock wave that reacted on the large 


* For the first time in an Air Force procurement, the using 
command (SAC, in this case) was allowed to participate in 
the evaluation. Previously this had been limited to the Air 
Research and Development Command and the Air Materiel 
Command. Due to the success of the 3-team evaluation 
group, the Air Force changed its source selection procedures, 
the using command becoming an integral part of the select- 
ing process. 

+ The National Advisory Committee for Aeronautics (always 
pronounced en-aay-cee-aay, never "naka") became the 
nucleus of the National Aeronautics and Space Administra- 
tion on 1 October 1958. 


A very early artist concept of the North American proposal shows a single vertical 
stabilizer, but is generally representative of the final design. Note that a large 
portion of the wingtip is shown folded here, unlike the 20-percent semispan that 
was actually proposed. (The Boeing Company) 


underwing surface. Since there was 
no equivalent pressure wave on top 
of the wing to cancel it out, roughly a 
30-percent increase in lift was avail- 
able with no drag penalty. This 
would substantially increase the 
range — if it worked.” 


GETTING STARTED ` 


On 24 January 1958 North American 
signed contract AF33(600)-36599 for 
the Phase I development of the 
WS-110A/L. At the time, the Air 
Force was expecting that the first 
operational wing of 30 aircraft could 
be available in late 1965. The aircraft 
component of WS-110A was desig- 
nated B-70 in February 1958. 


Less than a month after contract 
award, in February 1958, the Air 
Force cancelled the development of 
WS-110L since it believed that “other 
systems” could better satisfy the 
reconnaissance requirements in the 
1965 time frame. Contrary to popu- 
lar opinion, the “other system” was 
probably Lockheed’s hydrogen- 


powered Project SUNTAN since the 
Blackbird (A-12) was still a year or 
two in the future. Or perhaps the Air 
Force was referring to the CORONA 
satellite program that would begin 
flying in 1960. In either case, there 
would be no reconnaissance version 
of the B-70.” 


At the same time that the reconnais- 
sance requirement was being delet- 
ed, an 18-month acceleration of the 
B-70 program was being planned. 
This change scheduled first flight for 
December 1961 and the first opera- 
tional wing for August 1964. 
Although this would bring the air- 
craft closer to the 1963 date desired 
by LeMay, the change would cost an 
additional $165 million. The Air 
Staff approved the accelerated plan 
in principle on 19 March 1958.” 


With a contract in hand, North Amer- 
ican began issuing subcontracts for 
major portions of the B-70. Westing- 
house was to design the defensive 
electronics system that would 
include advanced infrared and radar 
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This is the North American design that was considered the competition winner. 
Note the large vertical stabilizers and the relatively small portion of the wingtip 
that folded. The canard is also much larger and differently shaped than the one 
actually built. Still, the aircraft is clearly a Valkyrie. (The Boeing Company) 


warning receivers, as well as sophis- 
ticated jamming equipment. General 
Electric would be responsible for the 
jam-proof forward and side-looking 
radars that would eventually be 
hooked up to the ІВМ AN/ASQ-28 
offensive bombing-navigation sub- 
system (which was originally under 
separate Air Force contract, but later 
came under North American's 
purview). The airframe was divided 
between Boeing (wings), Chance- 
Vought (tail and elevons), Lockheed 
(aft fuselage) and various North 
American divisions. Sperry was pro- 
viding a twin-gyro star tracker while 
Sundstrand designed the secondary 
power system. Cleveland Pneumatic 
provided the landing gear and Oster 
the engine instrumentation. And on it 
went — North American was well 
aware that spreading the wealth 
ensured that every Congressman and 
Senator would want to continue 
funding the program. 


Although the General Electric 
engine had been conceived for the 
B-70, the Air Force intended to use 
the initial J93-GE-1 on the F-108 
interceptor because that program 
was further along in its develop- 
ment. On 13 January 1958 General 
Electric suggested a growth version 
of the -1 engine that featured higher 
internal and exhaust temperatures 
and used air-cooled turbine blades. 
This engine would produce slightly 
more thrust at Mach 3 and also pro- 
vide better specific fuel consump- 
tion, something more important to 
the B-70 than to the F-108. On 18 
April 1958, the growth version of the 
engine was officially designated 
XJ93-GE-3 and programmed for the 
B-70. However, planning was finally 
underway for a —5 engine using 
high-energy fuels. 


By July 1958 General Electric 
reported that it would greatly sim- 


plify development if the -3 engine 
was used in the F-108 and early 
B-70 aircraft, pending availability of 
the boron-burning -5 engine. 
Notable logistics support savings 
could also be achieved by using one 
engine, since a number of major 
components in the –1 and -3 were 
not interchangeable. As far as the 
F-108 was concerned, North Ameri- 
can believed that the improved 
thrust and specific fuel consump- 
tion performance of the -3 engine 
compensated adequately for its 240 
pounds of extra weight. The Air 
Force made the idea official on 8 
September 1958; only the four -1 
engines already being manufac- 
tured would be built, mainly to 
provide an early testing opportuni- 
ty. АП further effort would concen- 
trate on the -3 engine. Interestingly, 
there was still no official —5 devel- 
opment effort authorized, although 
General Electric and North Ameri- 
can continued to plan around the 
high energy engine.” 


Like most combat aircraft of the 
period, the name for the B-70 was 
decided by a contest, not by a corpo- 
rate advertising agency. In this case, 
SAC held an Air Force-wide contest 
that attracted 20,000 entries. The 
winner was Valkyrie, from the 
Maidens' in Norse mythology. The 
name became official on 3 July 1958. 


In the summer of 1958 the Air Force 
again considered the possibility of 
supporting the Pratt & Whitney J58 


* Valkyries (from the Old Norse Valkyrjr, “choosers of the 
slain") in Norse mythology were the daughters of the princi- 
pal god Odin - often called Odin's maidens. At his bidding, 
they flew on their horses over the fields of battle to choose 
the souls of the heroic dead, which they carried off to Valhal- 
la, Odin's banquet hall in the heavenly realm of Asgard. 
There the warriors became members of the Einherjar, Odin's 
companions and fighting band. The Valkyries were depicted 
as young, beautiful, but fierce women who dressed splen- 
didly in full armor and swords when riding their horses. 
Valkyries also had the power to determine who would be 
the victors and who the defeated in such conflicts. Belief in 
the existence of magic horsewomen from heaven was wide- 
spread in Scandinavia and Germanic cultures, though they 
were called by different names. 
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as a backup engine for the J93, but 
elected not to. It was decided, how- 
ever, to contribute a small amount of 
funding to the Navy's J58 program 
during FY59 just to keep the door 
open. By late 1958 General Electric 
was making progress on the J93 
engine. Two versions were now offi- 
cially being developed - the J93-GE-3 
burned JP-4 and was intended for 
the F-108 and prototype B-70s, and 
the J93-GE-5 that burned HEF-3 
boron fuel in the afterburner and 
was intended for production B-70s. 


The J93 engine was based on a 
"module" concept where most all 
accessories (hydraulic pumps, gen- 
erators, etc.) were moved off the 
engine and onto the airframe. This 


This later artist 
concept seems to 
have ignored the 
folding wingtips 

altogether. Note the 
shape of the vertical 
stabilizer leading 
edges. (Gerald H. 
Balzer Collection) 


was an attempt to protect the engine 
from damage should an accessory 
fail (which was a fairly common 
occurrence at the time), and also to 
simply the production and installa- 
tion of the engines. Each engine had 
a mechanical take-off shaft that 
transmitted power to an airframe- 
mounted accessory drive gearbox, to 
which the accessories were attached 
as needed. This also allowed a single 
engine configuration to be used in 
either the F-108 or B-70 since it was 
no longer necessary to worry about 
the placement of accessories to fit 
into the engine bay. Taking the idea 
one step further, General Electric 
proposed delivering engines to 
operational units that were com- 
pletely assembled, tuned, and ready 


to be installed — no run-ups or other 
testing would be required after 
delivery to operational units. 


In the fall of 1958, the B-70 program 
received a severe jolt when Air Force 
Chief of Staff General Thomas D. 
White announced that the planned 
acceleration was no longer viable 
because of funding limitations. The 
first flight would be delayed to Janu- 
ary 1962, with the first operational 
wing not appearing before August 
1965 at the earliest. White also told 
his staff that the Eisenhower Admin- 


istration believed that no large sums 
of money should be committed to 
the B-70 program before the proto- 
type had proven itself. It was the 
beginning of a slow death.” 


! Air Force Development Directive 00034, 26 February 1952, in the files of the AFMC History Office; Letter, Colonel У.К. Haugen, Chief of the Weapons Systems Division, WADC, to the Comman- 
der ARDC, subject: Strategic Bomber/Recon Weapons Systems Development Program, 8 October 1952. In the files of the AFMC History office. ? Letter, Major General T. S. Power, Vice Comman- 
der SAC to the Director of Requirements, USAF, subject: Requirement for Long Range Strategic Bombardment Aircraft, 30 March 1953. In the files of the AFMC History office. * Marcelle Size 
Knaack, Post- World War II Bombers, (Washington DC: Office of Air Force History, 1988), pp. 559-560. * Ibid, p. 559. * Ibid, pp. 560-561. * Ibid, p. 561. 7 GOR 82, 22 March 1955; SR 22, 15 April 1955. In 
the files of the AFMC History office; Post- World War II Bombers, pp. 560-561. * Letter, Brigadier General H. M. Estes, Jr. Director of Weapon Systems Operations, WADC, to the Commander ARDC, 
Subject: Chemically Powered Strategic Bomber Program, 7 April 1955; Letter, Major General G. H. Griswold, Vice Commander SAC to the Commander ARDC, Subject: System Requirement 22, 19 
April 1955. In the files of ће AFMC History Office. * Marcelle Size Knaack, Post-World War II Fighters, 1945-1973, (Washington DC: Office of Air Force History, 1986), р. 330. ^ Post-World War II 
Bombers, pp. 560-562. " Post-World War II Fighters, 1945-1973, p. 329. * Ibid, p. 329. ° Ibid, p. 329. " Ibid, p. 330. Ibid, p. 330. * Ibid, р. 331. " Boeing Report D2-2371, Boeing Weapon System 110A 
December 1957; North American Report NA-56-825, Strategic Bomber Weapon System 110A Summary Briefing, 30 July 1956. “С.Е. "Bud" Anderson, "Aircraft Wingtip Coupling Experiments," а 
paper prepared for the Society of Experimental Test Pilots, passim. * Post-World War II Bombers, p. 563. ? Ibid, p. 563. * Ibid, p. 564. 2 Memorandum, Т. H. Goss, Assistant Chief, 110A WSPO, to 
Chief, Power Plant Laboratory, МАРС, Subject: Acceleration of System 110A /L Development, 26 March 1956. ? Letter, Major General D. L. Putt, Deputy Chief of Staff for Development, to Com- 
mander ARDC, Subject: USAF Turbine Engine Development Program, 7 May 1957; TWX, RDTAP-5-7-E, Commander ARDC to Commander WADC, 17 May 1957. Both in the files of the AFMC 
History office. 2 Post-World War II Bombers, p. 564. Ibid, рр. 564-566. * Alfred J. Eggers and Clarence A. Syverston, Aircraft Configurations Developing High Lift/Drag Ratios at High Supersonic Speeds, 
(Ames Research Center, CA: NACA, 5 March 1956), МАСА research memorandum RM-A55105, passim. > Post-World War II Bombers, р. 566. * Ibid, p. 566. * Letter, E. A. Thomas, Acting Manager 
of Marketing, Jet Engine Department of General Electric, to Commander ARDC, Subject: WS-110A Programming, 13 January 1958; Memorandum, B-70 WSPO to DC/WS ARDC, Subject: Engine 
Interchangeability F-108/B-70, 3 July 1958; Letter, General E. W. Rawlings, Commander AMC to Deputy Chief of Staff for Materiel, no subject, 17 June 1958; Directive, Brigadier General B. H. War- 
ren, Deputy Director for Procurement, to various AMC offices, Subject: B-70/F-108 Weapon Systems - |93 Engine Program, 12 September 1958. > Post-World War II Bombers, рр. 566-567. 
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A very late artist concept shows pretty much the final design. The canards appear to be on the large side, but this may have been 
artistic license. The vertical stabilizer size and the folding wingtips are approximately correct. (Gerald H. Balzer Collection) 


Not surprisingly, the B-70 spent a great deal of 
time in various wind tunnels. These are of a model 
at the NASA Ames Research Center. (NASA) 


WARBIRDTECH 


Two AIRWVEHICLES 


AND. CONTINUED RESTRUCTURING 


he configuration chosen by 

North American was contro- 

versial given the long - and 
unsuccessful — history of canards on 
modern aircraft. Nevertheless, 
North American believed the canard 
was beneficial because of its long 
moment arm forward of the center- 
of-gravity. All aircraft suffer some 
instability at transonic speeds as the 
center-of-pressure moves rearward. 
The movement could be countered 
by trimming with the elevons, but 
this would increase the angle-of- 
attack, resulting in higher drag and 
a decrease in range (or speed, or 
both). In the B-70 design, small flaps 


Ths 


nam 1:225 


ar 


on the trailing edge of the canard 
could be used to counter the center- 
of-pressure shift without changing 
the angle-of-attack of the main wing. 
This allowed trimming without a 
penalty in range or speed.’ 


The canard also helped minimize 
the extreme nose-up attitude most 
delta-wing aircraft use on landing. 
The canard flap could be deflected 
downward 25 degrees — when the 
flap was lowered at low speed, the 
aircraft nose pitched up. This 
change was compensated for by 
moving the control column for- 
ward, drooping the elevons on the 


The final XB-70 mockup in February 1959. By this time the 
mockup had incorporated all of the changes that occurred 
during development. Of interest is the small fairing on the 
wing trailing edge (at left) for a defensive avionics sensor. 
A mockup of the Alert Pod may be seen behind the left 
landing gear in the photo above. (The Boeing Company) 


main wing. This allowed the 
elevons to act as trailing-edge flaps 
without subtracting from the basic 
wing lift. Thus the landing attitude 
was shallower and the lift-to-drag 
ratio higher - permitting landing 
speeds comparable to other large 
high-performance aircraft.’ 


The detractors pointed out that 
canard designs generally had pitch 
and directional stability issues at 
high angles-of-attack, plus various 
flow disturbances around the 
engine inlets and wing. North 
American engineers countered that 
unlike most designs - which used 
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The titanium cockpit section of AV-1 under construction on 3 February 1962. The 
four large escape hatches show up well here. Note that the aft bulkhead behind the 
rear escape hatches is angled just like it would be to support ejection seats in 
production aircraft. (Tony Landis Collection) 


The cockpit section of A/V-1 being 
mated with the other sections of the 
forward fuselage on 6 February 1962. 
Note the hole at the right that will 
support the all-moving canard. (Tony 
Landis Collection) 


the canards as a horizontal stabiliz- 
er - the canard on the B-70 was 
only a trimming device; pitch and 
roll control was exclusively the 
function of the elevons. As for flow 
disturbances, given the extreme dis- 
tance between the canard and air 
intake (which was at least partially 
protected by the wing) the engi- 
neers believed this was a non-issue. 
Some 14,000 hours of wind tunnel 
time backed up this assumption? 


EVOLUTION 


The first major configuration change 
came during the summer of 1958. 
The gross weight increased from 
483,000 to 537,109 pounds mainly 
because one of the two planned 
weapons bays was converted into a 
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fuel tank. As a result, the airframe 
structure, landing gear, and tires had 
to be strengthened. The extra fuel 
was added - largely - because it was 
becoming obvious that the high 
energy fuel program was not going 
to materialize, at least not in the 
short term. This would force the use 
of conventional JP-4 in the -3 
engine, and the accompanying 10 
percent range penalty. The lift-over- 
drag (L/D) ratio was significantly 
improved by a reduction in the wing 
and canard thickness ratios. The 
result of these changes was a range 
improvement of 500 nm (from 5,200 
to 5,700 nm).* 


By the end of 1958 more changes 
improved the range to 6,539 nm 
without increasing the gross weight 
of the aircraft from the previous 
537,109 pounds. Among the modifi- 
cations, the fold line of the wing tips 
was changed to 60 percent of the 
semispan instead of the original 80 
percent, resulting in a folding surface 
roughly the size of a B-58 wing. This 
alteration improved directional sta- 
bility to such an extent that the verti- 
cal stabilizer area could be reduced 
by half, significantly lowering drag." 


At the same time, a movable wind- 
shield and ramp, variable geometry 
inlet, and trimmable canard were 
also introduced. The conventional 
canopy originally proposed caused a 


The forward fuselage (above) for A/V-1 was moved to the final assembly building 
on 31 March 1962, while the center fuselage (below) arrived the following day. 
Note the cutout in the extreme nose for the attack radars, which were never 
installed in the two air vehicles that were completed. (Iony Landis Collection) 


great deal of drag during supersonic 
flight. Switching to a movable ramp 
that could be lowered during landing 
significantly reduced this, and still 
allowed the pilots sufficient visibility 
to operate the aircraft. The change to 


the canard resulted in the entire sur- 
face being infinitely positionable 
between zero and 6 degrees to pro- 
vide high-speed trim. Previously trim 
had been provided by moving the 
trailing edge flap. The flap now had 


By 22 April 1962, the "neck" of A/V-1 was fairly well structurally complete. (Tony Landis Collection) 
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XB-70 PROGRAM 


A/V NO. 3 N 


A/V NO. 2 MAJOR ASSEMBLY SCHEDULE 
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P/C — PRESSURE CHECK 


Two schedules for the XB-70 program. The one on the left shows the original assembly dates for the three air vehicles — in 
reality, A/V-2 was about 3 months months behind what is shown, and A/V-2 was six months delayed. A/V-3 was cancelled 
shortly after this schedule was presented. The schedule on the right shows the basic order the major components of each aircraft 
were manufactured and assembled in. (North American Aviation) 


just two positions - zero and 20 
degrees down - a change from its 
previous 25 degree maximum. The 
wing area increased slightly from 
6,100 to 6,297.15 square feet, and the 
outer leading edge was also twisted 
to reduce transonic drag. Increased 
turbine inlet temperatures in the J93 
engines allowed a slightly reduced 
fuel flow during supersonic cruise. 


Around the same time, the F-108 
mockup was inspected on 26 January 
1959, with few necessary changes 
identified. The aircraft was named 
Rapier on 15 May 1959, and first 
flight was expected in March 1961. 
The Air Force had a stated require- 
ment for 480 of the aircraft.5 


The B-70 development engineering 
inspection (DEI) was conducted at 
North American's Inglewood, Cali- 
fornia, plant on 2 March 1959, and 
the mockup was reviewed on 30 
March 1959. The DEI provided the 
Air Force with a detailed analysis 
and theory of operation for each of 
the B-70 subsystems, while the mock- 
up review was oriented towards 
operational characteristics and suit- 
ability of the aircraft configuration 


The Air Force issued 761 requests 
for alterations during the two 
reviews. One of the most significant 
was an order. to incorporate provi- 
sions for the B-70 to carry air-to- 
surface missiles and provisions for 
external fuel tanks, a change that 
cost 17,500 pounds (including the 
missiles). No specific information 
could be ascertained about the mis- 
sile (probably the GAM-87* Sky- 
bolt), but its inclusion can be found 
in the fact that the IBM offensive 
system was now Officially called the 
“bombing-navigation, and missile 
guidance subsystem.” 


In order to keep the gross weight 
constant, North American deleted 
fuel, causing the projected range to 
decrease to 6,327 nm. The Air Force 
directed North American to recoup 
the lost range without increasing 
the gross weight beyond 554,609 
pounds. Various minor changes 
were made and the range estimate 
increased to 6,500 nm when the mis- 
siles and external tanks were not 
installed. One aerial refueling 
extended the total range to 7,901 nm, 
permitting effective coverage of 96 
percent of the desired targets.* 


NEW SETBACKS 


During January 1959 the engine pro- 
gram was ordered reevaluated - yet 
again. This review gave Pratt & 
Whitney a "slight edge" in various 
managerial and contractual factors. 
On the other hand, the General Elec- 
tric engine rated higher in most 
technical areas. In addition General 
Electric had already accomplished 
full-scale afterburner testing with 
high-energy fuel. The J58 scored 
points for its relative mechanical 
simplicity and predicted easier pro- 
duction. The evaluation found both 
engines technically suitable, con- 
cluding that the differences between 
them were so minor as to preclude 
selecting one over the other "from a 
technical standpoint."? 


There was one significant mechani- 
cal consideration, however. The 


* Since the entire canard could deflect 6 degrees, plus another 
20 degrees for the flap, the effective deflection was 26 degrees. 
t The Douglas GAM-87 Skybolt was an air-launched ballistic 
missile that would have been carried on the B-52H and 
B-70A. Armed with a W59 nuclear warhead in a Mk. 7 re- 
entry vehicle, development was initiated in the late 1950s. 
The decision to proceed with the Skybolt was made in Feb- 
ruary 1960, with initial deployment projected for 1964. In 
June of 1960, the Royal Air Force ordered 100 Skybolts to be 
carried by the Avro Vulcan. However, in December of 1962, 
President Kennedy cancelled the Skybolt missile for political 
and economical reasons. 
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cruise performance of the aircraft 
depended on the efficiency of the 
convergent-divergent exhaust noz- 
zle, and small differences could pro- 
duce disproportionate variations in 
the aircraft's range. General Electric 
had already proved, on the J79, a 
mechanically-actuated nozzle that 
was similar to that for the J93; on the 
other hand, the aerodynamically- 
controlled nozzle Pratt & Whitney 
was developing for the |58 had not 
been tested and therefore carried 
some amount of development risk.” 


In the end, it was decided to proceed 
with the J93 as the only engine for 
the two North American aircraft. 
Nevertheless, although it was tech- 
пісаПу a Navy program, the J58 
would go on to power the CIA and 
Air Force Lockheed Blackbirds. 


Decisions made in the second half of 
1959 hampered several Air Force 
development efforts, but seemed to 
impact the В-70 more so than most.’ 
As expected, the Department of 
Defense cancelled the high-energy 
fuel program on 10 August 1959. As 
a consequence, the J93-GE-5 engine 
destined for the B-70 was also can- 
celled since an engine without fuel is 
not terribly useful." 


As of 10 July 1959, the ill-fated —5 
high energy fuel afterburner had 
been tested for 3 hours and 10 min- 


utes at the Peebles Proving Ground - 


in Ohio. The Arnold Engineering 
Development Center and the NASA 
Lewis Research Center had also con- 
ducted 3 hours and 1.5 hours of test- 
ing, respectively. In addition, there 


* The nuclear-powered bomber, after overshadowing the 
chemically-powered aircraft for years, began to suffer from 
financial malnutrition in 1956. By mid-1959, decisions within 
the Administration and Department of Defense had put the 
program into almost total eclipse. The project's downfall was 
bound to impede the B-70 program since the cost of several 
B-70 subsystems were to be developed by the nuclear-pow- 
ered bomber program, which was finally cancelled by the 
Kennedy Administration in March 1961. 


WING - TO - FUSELAGE MATE 


€ COMPLETE ELECTRON BEAM WELDING 
AND INSPECTION OF OUTER JOINT 


REMAINING EFFORT 
€ SEAL AND PRESSURE CHECK STUB TANKS 
ө WELD AND INSPECT INNER JOINT 
€ LEAK CHECK WELD JOINT 


The wings on the B-70 were large — consider that the folding outer panel was about 
the size of a B-58 wing. The wing-to-fuselage joint was 80 feet long (the other 37 
feet of chord was made up of fairings and elevons) and both the lower and upper 
surface of each honeycomb skin had to be welded. (Randy Cannon Collection) 


had been five flights using high- 
energy fuel in the afterburner of a 
modified J57 engine on an F-101A. 


The cancellation of the —5 engine 
and its exotic fuel caused a great 
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deal of concern within the В-70 рго- 
gram, but had little real impact. The 
fuel had been counted upon to pro- 
vide the intercontinental range 
required for the primary strike mis- 
sion. But the incorporation of fuel 


The aft fuselage shows the location for the six [93 engines. This piece of the fuselage 
presented a challenge for the structural engineers — it needed to absorb thé wing 
bending moments while providing large doors on the bottom for access to the 
engines. (Gerald H. Balzer Collection) 
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The first step in the Avcoramic Tooling process for fabricating the stainless steel 
honeycomb structures was the construction of a master model. Here, technicians at 
Avco's Aerospace Structures Division are placing a panel lay-up frame оп the 
completed master model of the XB-70A upper forward intermediate fuselage 
section. (AVCO Corporation via the Gerald H. Balzer Collection) 


tanks in the second weapons bay 
and increased aerodynamic efficien- 
cy had already provided a signifi- 
cant range boost to the B-70 design. 
At the same time, the petroleum 
industry had developed a new fuel – 
JP-6 – that offered significant effi- 
ciency improvements over JP-4, but 
was essentially interchangeable with 
the old fuel from an engine technol- 
ogy perspective. Unlike the boron- 
based fuels, JP-6 did not require 
special metals in the engine or fuel 
system. It was no worse environ- 
mentally than standard jet fuel, and 
was perhaps a bit better since it 
burned more completely. 


Analysis showed that the -3 engine 
burning JP-6 could provide essential- 
ly the same range as had been 
expected with the — engine burning 
HEF-3. There were some compromis- 
es, however. The engine produced 
slightly less thrust, meaning takeoff 
distances would increase and refuel- 
ing altitudes would be a little lower. 


The most critical item — the rate of 
climb on a hot day with one engine 
inoperative at takeoff — was resolved 
by incorporating an overspeed capa- 
bility into the -3 engine to develop а 
higher turbine inlet temperature on 
takeoff and thereby provide the nec- 
essary higher rate of climb. 


Worse than the high energy fuel can- 
cellation, on 24 September 1959 the 
F-108 was cancelled. The F-108 had 
used many of the same subsystems 
and technologies as the B-70 – the 
J93 engine program was managed 
and partially funded by the F-108 
program, as were the escape cap- 
sules and several lesser subsystems. 
The loss of the second funding 
source would impact B-70 cost esti- 
mates by at least $180 million.” 


ON THE Ropes 
In early November 1959 President 


Dwight D. Eisenhower told the Air 
Force Chief of Staff that the “B-70 


left him cold in terms of making mil- 
itary sense.” Hardly impressed with 
the many pro-B-70 arguments put 
forth by General White, the Presi- 
dent stressed that at anticipated 
funding levels the B-70 would not be 
operationally available for 8 to 10 
years. By that time the major strate- 
gic retaliatory weapon would be the 
ICBM. The President finally agreed 
to take another look at the B-70, but 
pointed out that speaking of 
manned bombers in the missile age 
was like talking about bows and 
arrows in the era of gunpowder." 


Apparently the B-70 program still 
did not make sense to Eisenhower 
after another look. On 1 December 
1959 the Air Force announced that 
the B-70 program would be reduced 
to a single prototype and that the 
development of most subsystems 
would be cancelled. The notable 
exception was that the advanced 
IBM bomb-nav system would con- 
tinue to be developed as a very 
modest effort. The program’s near- 
demise was generally attributed to 
the budget, although it was more 
directly linked to the Administra- 
tion’s anti-bomber sentiment that 
was prevalent at the time." 


However, the politics of the 1960 
presidential campaign sparked 
renewed interest in the B-70 from 
both political parties. Thus, with the 
approval of the Department of 
Defense, in August 1960 the Air 
Force directed that the XB-70 proto- 
type effort be changed once again to 
a full-scale development program. A 
letter contract (AF33(600)-42058) for 
the YB-70 weapon system was 
signed on 1 August to provide a sin- 
gle XB-70 prototype, 11 YB-70 ser- 
vice test aircraft, and to demonstrate 
the bomber’s combat capability. This 
directive, coupled with a congres- 
sional appropriation of $265 million 
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for FY61, seemed to restore the B-70 
to the status of a weapon system 
headed for production.” 


In September 1960 North American 
was instructed to proceed with the 
design and manufacture of the 12 
aircraft and to restart the develop- 
ment of all major subsystems. In 
mid-October the defensive subsys- 
tem contract with Westinghouse was 
reinstated, and in November the 
contract with Motorola for the mis- 
sion and traffic control system was 
reactivated. The Air Force and North 
American also brought the IBM 
offensive avionics contract back up 
to a fully funded development 
effort. Unfortunately, the B-70 pro- 
gram’s recaptured importance was 
to be short-lived.” 


THREE STRIKES ... 


Once in office, it did not take long 
for President John F. Kennedy to 
take a critical look at the B-70 pro- 
gram. Like his predecessor, Kennedy 
doubted the aircraft’s reason for 
being, in no small part because the 
new Secretary of Defense Robert S. 
McNamara did not support any 
manned bomber program. On 28 
March 1961, Kennedy recommended 
that the program be reoriented to 
exploring the problems of flying at 
three times the speed of sound with 
an aircraft “potentially useful" as a 


bomber. Kennedy underscored that - 


this should only require the devel- 
opment of a small number of YB-70s 
and the continued development of 
the IBM bomb-nav system.” 


Kennedy’s words gave the Air Force 
no choice but to again redirect the 
B-70 program to a prototype devel- 
opment effort. The change became 
official on 31 March 1961 when 
North American was ordered to pro- 
duce only three XB-70 prototypes.” 


The forward intermediate fuselage section was manufactured by the AVCO 
Aerospace Structures Division in Nashville, Tennessee. After the fabrication and 
inspection of the various panels, they were joined by fusion welding. An AVCO 
technician is inspecting (above) the forward half of the section after the welding 
operation and before joining it with the aft half. The assembly was then fitted with 
stainless steel frames and bulkheads (below). It was subsequently packed and 
shipped to Palmdale. (AVCO Corporation via the Gerald H. Balzer Collection) 
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ELECTRONIC 
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A functional schematic of the proposed YB-70 defensive 
avionics shows active jammers, infrared countermeasures, 
and chaff, along with radar and infrared warning systems. 
The box labeled “active defense” implied carrying air-to-air 


missiles. (U.S. Air Force) 


Air Vehicle No. 1 (A/V-1) was 
assigned the serial number (62-0001) 
originally allocated to the single 
XB-70 prototype under the Decem- 
ber 1959 restructured program. The 
two additional aircraft were assigned 
serial numbers 62-0207 (A/V-2) and 
62-0208 (AV/3). There is no record 
that the 11 YB-70s were ever allocat- 
ed serials numbers.’ 


According to some sources, the 
third air vehicle was to be designat- 
ed XB-70B; others called it a YB-70A 
which is more likely. This vehicle 
would have incorporated all of the 
improvements from A/V-2, and 
was to have been equipped with a 
prototype IBM bombing-navigation 
system and operable weapons bay 
in order to demonstrate its military 
mission. A crew of four would have 
been accommodated in the forward 
fuselage, with the defensive sys- 
tems operator sitting behind the 
pilot and the offensive systems 
operator sitting behind the copilot, 
each in their own ejection capsules. 
As far as can be determined, the 
defense operator would have had 


DEFENSIVE SUBSYSTEM 


memory guidance 
for the initial 
part of trajectory 


A field of view 
for terminal 
guidance seeker 


The "Pye Wacket" Lenticular Defense Missile 


One of the rather fanciful "active defense" systems 
considered for the YB-70 was this lenticular missile. Other 
ideas progressed further, including a defensive missile that 
eventually became the GAR-1 Falcon used on several Air 


Force interceptors. (U.S. Air Force) 


no equipment to operate since the 
defensive avionics program had 
been cancelled. It appears that the 
canard would also have been slight- 
ly reshaped to minimize drag. The 
hydraulic, electrical, and environ- 
mental control systems would all 
have required substantial changes 
to support the additional crew and 
electronics to be carried by AV /3.? 


As a consequence of the latest 
restructuring, the General Electric 
engine program was also substan- 
tially reduced. The qualification 
tests for an operational “Т” engine 
were eliminated leaving only the 
preliminary flight rating test for an 
experimental “XJ” power plant. 
Instead of continuing to refine the 
design and reducing weight wher- 
ever possible, which would increase 
development costs, General Electric 
was allocated an extra 150 pounds 
per engine over the weight speci- 
fied for an operational power plant. 
A plan to use a B-58 test bed in the 
B-70 development program also 
disappeared, although it would 
later return. 


Since it now appeared very unlikely 
that the B-70 would ever enter pro- 
duction, the Air Force immediately 
began to consider various alterna- 
tives. In May 1961 there was talk of 
an improved B-58 armed with air- 
launched missiles; specially-built, 
long-endurance, missile-launching 
aircraft; transport aircraft modified 
to launch ballistic missiles; resurrect- 
ed nuclear-powered aircraft; and 
again of a reconnaissance B-70 that 
would also be capable of strike mis- 
sions. In August, the U.S. Senate 
attempted once again to rescue the 
B-70 and asked that a production 
program be outlined to introduce the 
aircraft into the operational invento- 
ry at the earliest possible date. 
Undaunted, McNamara expressed 
his thorough dissatisfaction with any 
future manned bombers and refused 
to provide the data.? 


* The two XB-70s were represented by various monikers dur- 
ing their test series: A/V-1, AV/1, and XB-70-1 all represent- 
ed the first aircraft, while A/V-2, AV/2, and XB-70-2 repre- 
sented the second. For consistency, this publication will use 
the A/V-x form. 

% The 1,575 serial numbers beginning immediately after 
A /V-3 were assigned to the GAM-83A (AGM-12B) Bullpup. 
t Some documentation refers to this as the RSB-70. Neither 
designation was truly official, but RS-70 seems more likely. 
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DISPLAYS 


The artist concept at left shows the expected production cockpit using conventional instrumentation; it is conceptually similar 
to the cockpits installed on A/V-1 and A/V-2. The drawing at right shows a cockpit using vertical tape instruments for the 
engine displays. Interestingly, the center consoles changed a great deal also. (Jim Tuttle Collection) 


In March 1962 Congress directed the Іп April, a group headed by General proposed К5-70 system. The pre- 
Air Force to begin planning for a Bernard A. Schriever, Commander  ferred development plan would cost 
reconnaissance-strike version of the of the Air Force Systems Command, $1,600 million and estimated that the 
B-70, usually referred to as the К5-70.: developed several approaches to the first RS-70 flight could occur within 


The defensive station (left) and offensive station (right) as they would have appeared on production B-70s. Although not often 
discussed, going to a four-man crew (in a heavy bomber) was an advanced concept for the era, although the B-58 medium 
bomber had made-do with only three men. The B-70 would have been fitted with a state-of-the-art defensive suite — 
unfortunately, nobody knew quite what it would look like. Initial consideration of adapting the ALQ-27 jamming system being 
developed (unsuccessfully, as it turned out) for the "improved" B-52 to the B-70 fell by the wayside when the configuration 
differences of the aircraft made the modifications impossible. The offensive avionics fared better, with IBM actually completing 
a prototype ASQ-28 bomb-nav system for A/V-3 prior to that aircraft's cancellation. The IBM system had been extensively 
test-flown on a variety of surrogate aircraft, although never as a complete package. (Jim Tuttle Collection) 
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The partially-completed AV-1 is moved from one part of the Palmdale facility to 
another for final work. Note that the forward fuselage has already received its white 
paint, and that all four escape hatches are missing. The vertical stabilizer stubs are 
in place — the rudders will be installed later, along with the wings and the rest of 
the skin on the upper fuselage. (Tony Landis Collection) 


two years. Although the RS-70 con- 
cept languished for some time, ulti- 
mately the idea faded as Robert 
McNamara refused to release the 
funds Congress had authorized. 
Any dreams of production Valkyries 
vanished.” 


GETTING READY 


In reality, the construction of the two 
XB-70As went remarkably smoothly 
given how far they were pushing the 
state-of-the-art. Not unexpectedly, 
there were numerous small prob- 
lems that the engineers and techni- 
cians had to overcome on an almost 
daily basis. But two major problems 
soon cropped up. The first involved 
manufacturing and assembling the 
stainless steel honeycomb panels. 
The problems encountered while 
manufacturing the first vehicle 
would eventually show up in flight 
tests when various pieces of skin 
routinely separated from A/V-1 at 
high speed. 


The early 1960s saw the appearance 
of two Mach 3 aircraft in the United 
States - the XB-70A and the Lock- 
heed Blackbirds. Each used a highly 
unique approach to development of 
an airframe capable of withstanding 
the temperatures created during 
high-speed flight. Lockheed decided 
to manufacture the Blackbirds almost 
exclusively of titanium alloys, and to 
accept a relatively hot structure and 
its implications. North American 
chose a different approach. Or per- 
haps the approach was forced upon 
them by the Air Force - available 
documentation does not give much 
insight into the process. It is known 
that the amount of high-grade titani- 
um available to the industry at the 
time was very limited as was the pro- 
duction capacity (rolling, milling, 
etc.). The Blackbird was never envi- 
sioned (except, perhaps, in Kelly 
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Johnson's mind) as a large-scale pro- 
duction project, so the use of a rela- 
tively scarce resource was not much 
of an issue. However, the Air Force 
would have liked to build a large 
fleet of B-70s, and each aircraft 
would have required a significant 
amount of the material. It is very 
possible that the Air Force "suggest- 
ed" that North American find a less 
strategic material for their construc- 
tion. The source selection did note 
that Boeing had preferred titanium, 
but it is not known if this detracted 
from their score. 


A/V-1 being repositioned at Palmdale. The wings have not been attached yet, but the 
rudders and the No. 4 engine have been installed. (Gerald H. Balzer Collection) 


A/V-2 under construction. Note the drag chute compartment with one of the two doors installed. Plywood covers most of the 
upper wing area to prevent damage from people walking on the stainless steel honeycomb skin. The rudders have been installed 
and their white paint contrasts with the bare metal of the fixed portion of the vertical stabilizer. (Tony Landis Collection) 
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The dry weight of the XB-70A air- 
frame was approximately 150,000 
pounds, a little more than a fully- 
loaded Blackbird. The material 
North American chose for almost 69 


percent of this was a PH15-7-Mo 
stainless steel honeycomb sandwich. 
Each XB-70A used approximately 
20,000 square feet of the material. 
The attributes listed by North Ameri- 


A good look at the wing fold hinge before the aerodynamic fairing is added. The 
power hinge was a very robust structure given that the folding part of each wing 
was about the same size as a B-58 wing. Production models may have carried fuel 
in the folding section, further stressing this area. (Gerald H. Balzer Collection) 


can were light weight, high strength, 
aerodynamic smoothness, low heat 
transfer from the skin to underlying 
structures at 450-640 degF, reliable 
strength at high temperatures, 
fatigue resistance, and rigidity. Pro- 
ducibility and relatively low cost 
were initially thought to be attribut- 
es, but these ended up to be very 
questionable as the program began 
procuring large amounts of the 
material.? 


At least initially the material suf- 
fered from some serious problems. 
On numerous occasions pieces of the 
skin - sometimes large pieces — sep- 
arated from the aircraft at high 
speeds. The worst was when A/V-1 
lost a triangular section of its wing 
apex forward of its splitter plate and 
the debris was sucked into the air 
intakes, effectively destroying six 
engines. A/V-1 later lost a 40x36- 
inch piece from the underside of its 
left wing, and an 8x38-inch strip 
from its right fuselage section later 
still. The skin panels separated 
when thermal expansion and aero- 
dynamic buffeting ballooned a 
defective area where the face sheet 
had cracked. This in turn led to the 
skin cover separating where the 
brazings were too thin or poorly 
formed. Engineers traced the imme- 
diate problem to flaws in the manu- 
facturing process. Better quality con- 
trol was implemented. When a void 
was detected, it was repaired by 
welding pins between the outer and 
inner face sheets, through the hon- 
eycomb structure. Along with 
improved fabrication techniques, 
this essentially eliminated the prob- 
lem in A/V-2 although a large piece 
did separate from the upper surface 
of its right wing during one high- 
speed flight. North American was 
sure that the process would eventu- 
ally be perfected, and the Air Force 
did not appear overly worried. Still, 
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it is an open question if the material 
would have been satisfactory in 
large-scale use. 


Although not the primary construc- 
tion material, three types of titanium 
nevertheless accounted for approxi- 
mately 12,000 pounds (8 percent) of 
the airframe in 22,000 individual 
parts. An alloy called 6Al-4V was 
used in thickness of 0.030 to 0.070- 
inch for the skin of the forward 
60-feet of the fuselage where temper- 
atures were expected to be 450—550 
degF. The second alloy was 4А1-3Мо- 
1V, used primarily for the internal 
structure of the forward fuselage. The 
third was 7Al-4Mo , used for various 
forgings and extrusions. Sheet titani- 
um represented 50 percent of the 
total; 25 percent was plate 0.75 to 
1-inch thick; and the remainder was 
in the form of forgings and extru- 
sions. A limited amount of René-41 
was also used in the engine compart- 
ment because of its very high tem- 
perature qualities.» ' 


The other major problem was fuel 
tank sealing. Based largely on the 
initial requirement to use boron 
fuels, the fuel tanks were designed 
to be pressurized and purged by 
gaseous nitrogen, and the design cri- 
teria said that the tanks had to with- 
stand 10 psi with no leakage. How- 
ever, when A/V-1 was first tested, 
the fuel tanks leaked - a lot. The 
majority of the leaks were caused by 
pin-hole flaws where the tanks had 
been welded during construction. 
Brazing repairs to the leaking areas 
proved ineffective. After various tri- 
als and errors, North American 
decided to coat the inside of the 
tanks using du Pont Viton-B as a 
sealant. A single coat of Viton-B was 
painted on and then cured for six 
hours while being heated to 375 
degF by electric blankets (or even 
hair dryers in some inaccessible 


A/V-2 under construction in Palmdale. Although she was largely constructed of 
stainless steel honeycomb, enough titanium was used to cause North American 
many of the same difficulties experienced by Lockheed while building the Black- 
birds. (The Boeing Company) 


A nearly completed A/V-2 shows its outer wing panel and undersurface detail. Note 
the large jack-stands holding the aircraft up. Two of the elevons have not been 
installed yet and the engine compartment is empty. As on most aircraft, the rudders 
were painted prior to installation since they need to be balanced as they are installed, 
and the weight of the paint affects this process. (Tony Landis Collection) 
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areas). The process was repeated up 
to six times on each tank. The tanks 
were then pressurized with helium 
and a "sniffer" used to detect leaks. 
The process worked, except on tank 
No. 5 in A/V-1. This U-shaped tank 
at the extreme rear of the fuselage 
was considered too small and too 
inaccessible to warrant the time nec- 
essary to properly correct the leaks 
so the fuel pumps were removed 
and the tank made inoperative.” 


It should be noted that the Viton-B 
solution was not considered satisfac- 
tory for production aircraft — engi- 
neers estimated it would have a use- 
ful life of only 1,000 hours before it 
would need to be stripped off and 
reapplied. However, since the B-70 
flight test program was scheduled to 
last only 180 flight hours, it was con- 
sidered adequate. The welds on ; 
А/У-2 were subjected to better qual- The vertical stabilizers are fitted to A/V-1 (above) and the airframe is rolled out of 
ity control and the fuel system the hanger to be repositioned (below) still minus the wings. Notice that the serial 
exhibited significantly fewer leaks. number has not been painted on yet. (Gerald H. Balzer Collection) 
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A good view of A/V-2 under 
construction in December 
1964. Note the missing 
upper wing skin on the 
right. At this point the 
aircraft was six months 
away from being rolled out. 
(Tony Landis Collection) 
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The summer before first flight was spent conducting many tests. Here the outer wing panels on A/V-1 ате moved to their mid- 
(left) and full-down (right) positions. The aircraft is sitting on tall jackstands since the wing panels would not clear the ground 
while the aircraft was on its landing gear. Engineers and technicians are gathered around the power hinge, checking to make 
sure everything worked the way they had planned. (Tony Landis Collection) 
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The main landing 
gear on A/V-1 
during vibration 
testing. The only 
part of the door 
structure that 
remained open 
when the gear was 
down was the small 
piece shown here. 
(Gerald H. Balzer 
Collection) 


The No. 4 engine is installed into A/V-1 on 26 July 1962 for a functional check. The [93 was a very large engine for the day, 
but remarkably, with a little practice technicians could swap one out in less than half an hour. Note that one rudder has been 
installed, but the other has not. (Tony Landis Collection) 
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As with most significant military 
developments during the Cold War, the ' 
XB-70A was matched by a Soviet 
counterpart. In this case it was the 
Sukhoi T-4 (also called Project 100). 
This titanium and stainless steel aircraft 
was powered by four 35,274-lbf Kolesov 
RD36-41 turbojet engines and was 
designed to reach Mach 3. The 
development program was cancelled 
before the aircraft ever flew that fast. 
Like the B-70, the T-4 had an 
articulating nose, but in the up position 
all forward vision was lost. (above left: 
Jay Miller; below: Drawn by Tony 
Landis; others: Jay Miller Collection) 


An operational check on A/V-1 shows how the movable North American toyed with SSTs that used the basic B-70 
rudder deflected from the fixed portion of the vertical shape, as evidenced by these staged photos. (top: Gerald H. 
stabilizer. (Tony Landis Collection) Balzer Collection; above: Tom Rosquin Collection) 


— 
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Early morning before the roll-out of A/V-1 ... making sure everything is ready. (Tony Landis Collection) 
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A SHEEP IN WOLF'S CLOTHING 


m he two XB-70As were assem- 
І bled in а new facility on the 
north side of Air Force Plant 
No. 42 in Palmdale, California, 
although almost all of the major sec- 
tions were manufactured elsewhere. 
А/У-1 was rolled out of the hanger 
on a slightly overcast Monday, 11 
May 1964. Just sitting on the ground, 
the Valkyrie awed the audience - 
her sleek lines left no doubt she was 
designed for speed. But just two 
months later, continuing fiscal prob- 
lems forced the elimination of the 
partially-built AV /3 and the reduc- 
tion the flight test program to only 
180 hours - hardly enough to really 
justify the expense of the two 
remaining vehicles. The flight pro- 
gram was to be run by the Air Force 
to gather data for military programs, 
but NASA had already signed-on to 
provide instrumentation for a num- 
ber of SST-related experiments. It 
was hoped that the Air Force pro- 
gram would be sufficiently success- 
ful to justify a follow-on program 
that would probably be run by 
NASA and aimed more directly at 
SST research.' 


The four months following roll-out 


were spent performing the tests that - 


are always done on first-of-a-type 
vehicles - including low- and high- 
speed taxi tests on Palmdale's long 
runway, plus engine runs and fuel 
system tests. 


On 21 September 1964, A/V-1 was 
ready for its first flight. As initially 
planned, the 1.75-hour hop would 
be rather spectacular for a maiden 
flight. Since Plant 42 was in a popu- 
lated area (sort of), caution would be 


exercised immediately after takeoff — 
the landing gear would remain 
down and the airspeed low. But 
once the Valkyrie was over Edwards 
AFB, the plan called for retracting 
the landing gear and accelerating 
through the speed of sound at 30,000 
feet. If the aircraft went supersonic 
on the first flight, North American 
would receive a $250,000 bonus 
from the Air Force? 


Before sunrise Alvin S. White, 
North American Chief Test Pilot, 
and Colonel Joseph E. Cotton, Air 
Force B-70 Chief Test Pilot, began 
the preflight inspection, although 
the ground crew had checked the 
aircraft so carefully that there was 
little chance that anything had been 
overlooked. 


At 06:10, White and Cotton climbed 
aboard the Valkyrie to begin the pre- 
flight checklist. Engine No. 1 was 
started and brought up to operating 
temperature 35 minutes later. In the 
process of starting the second J93, 
however, caution lights indicated a 
failure in the engine's cooling loop. 
Both engines were shut down. A few : 
minutes later, the problem was 
traced to a tripped circuit breaker. 


The process of starting the engines 
began again at 07:14. With 132,000 
pounds (more than the weight of a 
Blackbird) of fuel in the tanks, 
А /V-1 began taxiing towards the 
Palmdale main runway. Earlier taxi 
tests had revealed a brake chatter 
during low-speed operations, so 
White and Cotton exercised caution 


The traditional roll-out photo of A/V-1 shows the large area provided by the delta 
wing and the general size of the vehicle compared to the people milling around it. 


(North American) 
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— the demonstrated braking distance 
from just 5 mph was 400 feet. After 
what must have seemed an inter- 
minable taxi, the XB-70A arrived at 
the end of the runway. Every jour- 
ney begins but with a single step. 


At 08:24 Al White advanced the six 
throttles to maximum afterburner, 
rotating to 9 degrees angle-of-attack 
at 193 knots. After using 4,853 feet of 
runway, at 205 knots the 387,620- 
pound Valkyrie became airborne for 


The rollout of A/V-1 оп 11 May 1964 at Air Force Plant 42 in Palmdale, 
California. (above: North American Aviation via the Gerald H. Balzer 
Collection; below: AFFTC History Office Collection) 
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the first time. Three chase aircraft 
accompanied the XB-70A - a single 
B-58 and two T-38s. Two HH-21 heli- 
copters also were airborne as crash- 
rescue vehicles during takeoff in 
Palmdale. Per the flight plan, speed 
was held at 310 knots and the gear 
left down for the flight to Edwards. 
No unusual handling problems 
occurred during this time. A second 
pair of T-38s replaced the first two 
when their fuel ran low? 


The trip to Edwards was relatively 
short, even at only 310 knots. Per the 
flight plan, while over Rogers Dry 
Lake , Joe Cotton retracted the land- 
ing gear – or at least attempted to. 
A minute later a chase plane called 
out that the retraction sequence had 
failed. In order to fit into the fuse- 
lage, the main landing gear used a 
complex series of motions. From an 
extended point, the bogie rotated 90 
degrees to become perpendicular to 


the normal direction of travel. Then 
the bogie rotated 90 degrees vertical- 
ly so that rear set of wheels were 
almost touching the top of the main 
strut. At this point, the main gear 
folded rearward into the gear well. 
It had been successfully demonstrat- 
ed in both the test rig and on A/V-1 
many times. 


This time, however, the right side 
gear had stopped after only com- 
pleting the first motion (rotating 
perpendicular to the direction of 
flight). A chase plane reported fluid 
was leaking onto the fuselage 
behind the gear doors - in mid- 
flight, the only thing to do was to 
fully extend the landing gear before 
a loss of hydraulic pressure made it 
impossible to do so. Cycled back to 
the extended position, the gear 
locked into place. 


White and Cotton decided to use a 
pre-established alternate plan that 
called for a shorter flight at reduced 
speed with the gear extended. The 
flight lasted 1 hour and 7 minutes, 
reaching Mach 0.5 at just 16,000 feet. 
White and Cotton then proceeded to 
line up for landing on the 15,000- 
foot runway at Edwards. The pilot’s 
position — almost 110 feet in front of 
the landing gear – combined with 
the nose-up attitude required to land 
the big delta, made it difficult for the 
pilots to judge their height above the 


runway. (It was not until the tenth | 


Before you can walk, you must learn to crawl. A/V-1 on her first taxi test 9 August 
1964 at Palmdale. (АЕЕТС History Office Collection) 


The first flight of A/V-1 from Palmdale on 21 September 
1964. (AFFIC History Office Collection) 
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XB-70 A # 20001 
Rollout 
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flight that Al White stopped using 
the chase planes to call out his alti- 
tude.) Nevertheless, Al White set the 
XB-70A safely on the ground 2,000 
feet down Runway 04. 


But the troubles were not over. As 
А/У-1 landed, the left main bogie 


T. Landis 6/01 


failed to pivot (the rear wheels were 
designed to touch down first, then 
the bogie would pivot so that the 
front wheels touched down). This 
led to sparks and a minor fire during 
landing rollout. The XB-70A rolled 
for 10,800 feet before stopping, the 
Edwards crash team in hot pursuit. 


This is how A/V-1 looked at rollout and 
during the first four flights. Note that 
the lower fuselage around the engines 
was left in natural metal finish — it 
would be painted during the stand- 
down before the fifth flight. (Drawn by 
Tony Landis) 


The aircraft remained on the runway 
for over eight hours while the air- 
craft was defueled and the landing 
gear was repaired. 


In addition to the landing gear 
problems, the No. 3 engine had an 
overspeed indication soon after the 
landing gear failed to retract. White 
shut the engine down as a precau- 
tion after it registered 108 percent 
on the tachometer. Originally this 
was thought to be an instrumenta- 
tion error, but further investigation 
discovered the engine did have a 
problem. To make matters worse, 
the No. 2 engine ingested debris 
while landing - both engines were 
replaced. Despite these mishaps, 
White and Cotton reported that the 
aircraft had flown well. But North 
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The left main gear after the first flight. The bogie had not 
pivoted into the correct position prior to landing, leading to a 
minor fire on the runway at Edwards. The brake stack 
between the two aft wheels shows up well in the photo at left. 
(Tony Landis Collection) 
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American did not collect the quarter 
million dollar bonus.* 


On 5 October 1964, White and Cot- 
ton took A/V-1 into the air again 
with the full intent of going super- 
sonic. If they were successful on this 
flight, North American would 
receive a $125,000 bonus. However, 
if they failed North American 
would be assessed penalties (begin- 
ning at $125,000) for each additional 
flight until the XB-70A broke the 
sound barrier. 


Following takeoff, with a chase 
plane on each side, the landing gear 
was retracted, then lowered, then 
retracted again without a problem. 
With the landing gear up and 
stowed, the XB-70A climbed to 
28,000 feet and accelerated to Mach 
0.85 (600 knots). A new problem - 
the No. 1 utility hydraulic system 
began losing pressure, and White 
headed back to Edwards. On the 
final approach, the landing gear had 


XB-70 “Maiden Flight" 


- 


"IAWOW. YOU ALWAYS TAKE AW EXTRA MEASURE OF PRECAUTION COLONEL COTTON, BUT... ” 


Is a caption really necessary? (AFFTC History Office Collection) 


to be lowered using the emergency 
electrical system. The actual touch- 
down on the lake bed was unevent- 
ful, and A/V-1 rolled to a stop after 
10,000 feet, despite one of the main 
drag chutes refusing to deploy. No 
bonus for North American. 


A week later, on 12 October 1964, 
A/V-1 accelerated through the 
sound barrier for the first time, 
reaching Mach 1.11 at 35,400 feet for 
15 minutes before decelerating 
beneath the sound barrier and 
breaking back through several times 


A/V-1 undergoing pre-flight checks prior to her second flight on 5 October 1964. At this point, the air vehicle still looked 
pristine in her glossy white paint. Note the amount of ground equipment surrounding the aircraft, and the collection of cars 
parked on the side of the taxiway. (AFFTC History Office Collection) 
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to check transonic stability. Again, 
one of the drag chutes opened late 
during landing, but did not serious- 
ly affect the rollout. 


The fourth flight, on 24 October, ful- 
filling the Phase One test objectives 
of demonstrating the basic airwor- 
thiness of the aircraft. White and 
Cotton were again at the controls for 
a flight lasted that 1 hour and 25 
minutes with A/V-1 reaching Mach 
1.42 at 46,300 feet. For the first time, 


the wingtips were lowered to their 
mid-down 25-degree position. The 
XB-70A remained supersonic for 40 
minutes, establishing a new record 
for sustained supersonic flight. 


The aircraft returned to Palmdale at 
the end of this flight for a series of 
structural tests. These tests would be 
non-destructive in nature since the 
program had not built a dedicated 
structural test airframe.’ While at 
Palmdale, engineers puzzled over 


Looking worse for the wear — A/V-1 on the lakebed after her second flight on 5 
October 1964. The gloss white paint has begun to peel off the canards, upper wings, 
and vertical stabilizers. A failure in the utility hydraulic system forced Al White 
and Joe Cotton to land on the lakebed as a precaution, although the actual landing 
was uneventful. (AFFTC History Office Collection) 


why some of the glossy white paint 
peeled off during three of the first 
four flights. It was finally deter- 
mined that too-thick paint caused by 
several re-paintings (in order to 
impress various VIPs) was being 
cracked as the Valkyrie flexed in 
flight, and was then torn away by 
the airstream. During her winter 
stay at Plant 42, A/V-1 was stripped 
and repainted with a single thin coat 
of white paint. A major exterior 
change was that the bottom fuselage 
around the engines was now paint- 
ed white instead of being left natural 
titanium finish as it had been for the 
first four flights. 


Structural testing completed satisfac- 
torily, Phase Two testing began on 16 
February 1965, when Al White and 
Joe Cotton took the Valkyrie on its 
fifth flight. For the first time, the 
wingtips were lowered to the full 65- 
degree position, and A/V-1’s manual 
air inlet control system (AICS) throat 
ramps were cycled. This flight lasted 
1 hour and 10 minutes, including 40 
minutes at Mach 1.6 and 45,000 feet. 
Continuing an unhappy trend, the 
drag chutes again failed to deploy 
completely, and A/V-1 required 
11,100 feet to rollout. 


The sixth flight, on 25 February 
1965, marked the first time someone 
other than White and Cotton was at 
the controls. Lieutenant Colonel 
Fitzhugh “Fitz” Fulton (later to be 
NASA's chief test pilot) flew as copi- 
lot with Al White. But again, 
hydraulic leaks cut the flight short. 
Engineers at North American 
worked diligently to modify the 
hydraulic systems to end the con- 
stant leakage problems that had dis- 
rupted every flight. These changes 
were never totally effective on 


* A few "test specimens" had been built however, including 
most of an aft fuselage that was used for wing bending tests, 
loads in the duct region, and fuel tank verification. 
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The paint problem on the second flight got much worse on the third as A/V-1 pushed through the sound barrier for the first 
time. Yet more paint would come off during the fourth flight. The problem was that the paint was too thick, and peeled off as the 
airframe flexed..A/V-1 would be stripped and repainted before the fifth flight. (AFFTC History Office Collection) 
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Times were simpler, and the equipment less complex than today. Here is the North 
American mobile command center bus that was used to support the XB-70 program 
at Edwards. (АЕЕТС History Office Collection) 


A/V-1, but greatly benefited A /V-2 
during its construction. 


On 4 March, the seventh flight had 
White and Fulton sustaining super- 
sonic flight for 60 minutes, reaching 
a top speed of Mach 1.85 and 50,200 
feet. North American's Van Shepard 


made his first flight as copilot during 
the eighth flight on 24 March 1965 
reaching Mach 2.14 апа 56,100 feet – 
40 minutes were spent above Mach 
2; another 34 minutes above Mach 1. 


The 12th flight was on 7 May 1965, 
with White and Fulton at the con- 


A/V-1 underwent a non-destructive structural test between the fourth and fifth 
flights. The tests were conducted at the North American facility in Palmdale. 


(Gerald H. Balzer Collection) 


trols. Travelling at Mach 2.60 (1,690 
mph), a “thump” was heard in the 
cockpit, followed by multiple 
engine-related alarms – engines 
Nose. 3, 4, 5, and 6 were shut down 
as a precaution. As the chase planes 
caught up, they reported that the 
horizontal splitter (the apex of the 
delta wing) had torn away. The 
debris had been sucked into the 
intakes and done severe damage to 
the engines. For the final approach, 
the No. 5 engine was restarted to 
provide some thrust from the right 
side, and A/V-1 landed on the long 
lake bed without major incident. АП 
six engines, nearly one-sixth of the 
38 built, were considered damaged 
beyond repair. After this flight, the 
splitter itself was replaced with a sin- 
gle solid piece of titanium alloy in 
place of the honeycomb unit that had 
failed. At this point, concerns about 
the integrity of the honeycomb skin 
began, and the next four flights con- 
cerned themselves with "heat soak- 
ing" the skin for sustained periods of 
time. For the first time, the ability 
of the XB-70A to reach Mach 3 was 
seriously questioned. 


Still, the program aimed higher and 
faster. On 1 July 1965, during her 
14th flight, A/V-1 recorded Mach 
2.85 at 68,000 feet for 10 minutes. 
On this flight, several sheets of hon- 
eycomb skin were lost from the 
fuselage and upper wing surface; 
fortunately no debris was ingested 
by the engines. Mach 3 was getting 
closer, but doubts persisted. 


A/V-2 JOINS THE FRAY 


Most of the major problems plagu- 
ing A/V-1 were cured on A/V-2, 
which was rolled out on 29 May 
1965. In addition to having a func- 
tional No. 5 fuel tank, A/V-2 had 5- 
degrees of dihedral on the main 
wing, versus the zero degrees on 


46 


WARBIRDTECH 


Not a good day. During the 12th flight on 7 May 
1965 the horizontal splitter broke off of A/V-1 and 
was ingested by the engines. Although the aircraft 
landed without major incident, all six engines were 
beyond repair. (AFFTC History Office Collection) 
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When A/V-1 emerged from her structural tests she sported a new paint job. The 
only major difference was that the lower fuselage around- the engines was painted 
white, and the air intakes were in natural metal. (Drawn by Tony Landis) 


А/У-1. This change was a result of with the wingtips fully lowered. The 
wind tunnel testing that showed tradeoff was that, at low speeds with 
A/V-1 would have poor roll stability the wingtips up, A/V-2 suffered 


from a "dihedral effect" where 
sideslip caused one wing to drop. 
The pilot, sensing the low wing but 
not spotting the sideslip, would use 
the elevons to bring the wing back 
up - causing more sideslip, forcing 
the wing to drop lower. The only 
solution was for the pilots to closely 
watch the sideslip indicator. It was 
expected that any production air- 
craft would cure this anomalous 
behavior with changes to the stabili- 
ty augmentation system. 


Internally, A/V-2 featured a revised 
hydraulic system to reduce the leak- 
ing that continued to trouble A/V-1. 
The techniques to build the honey- 
comb skin also improved with expe- 
rience, resulting in a stronger materi- 
al that hopefully would not separate. 
An automatic control for the AICS 
was installed, in place of the manual 
system on the first aircraft. The most 
visible external difference was that 
the radome for the non-existent 
bomb-nav system was painted black 
on A/V-2; it was white on A/V-1. 


The rollout of A/V-2 on 29 May 1965 The obvious external difference was the black radome under the nose; the wing dihedral, 
automated AICS, and improved fuel tanks were more subtle. (AFFTC History Office Collection) 
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On 17 July 1965 A/V-2 joined the 
flight test program. With much bet- 
ter luck than had accompanied 
A / V-1's first flight, the wingtips 
were lowered 65 degrees, and a top 
speed of Mach 1.41 at an altitude of 
42,000 feet was reached before land- 
ing at Edwards AFB. The second 
flight of A/V-2 was significant in 
that it was the first time that AI 
White was not the pilot-in-com- 
mand of an XB-70A - he and Joe 
Cotton swapped seats on 10 August 
1965 while A/V-2 recorded Mach 
1.45 at 41,000 feet. 


Initially, A/V-2 was not completely 
trouble-free. Brake chatter contin- 
ued to be a problem during low- 
speed taxiing; it was suspected that 
this stemmed from the lack of 
return springs for the brake pads. 
Far more troubling, however, were 
problems in the automatic AICS sys- 
tem, which would inexplicably recy- 
cle during supersonic flight, causing 
an “unstart.” 


The normal climb schedule for the 
XB-70A consisted of a series of accel- 
erations, combined with variations 
in wingtip, windshield, and air inlet 
geometry. The landing gear was 
retracted early. Wingtips were low- 
ered to mid-down anywhere from 
400 knots to 630 knots to provide 
extra stability in the transonic 
region. Steady acceleration to Mach 
1.5 at 32,000 feet followed, then the 
wingtips were lowered to their full- 
down position. Mach 1.5 was main- 
tained to about 50,000 feet, and then 
varying rates of acceleration were 
applied until Mach 3 (2,000 mph) at 
70,000 feet was reached. The best- 
recorded time to Mach 3 was 25 
minutes from rotation. 


From Mach 2 on, the rectangular air 
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The black radome was the easiest way to identify A/V-2. (Drawn by Tony Landis) 


to provide the optimum pressure 
recovery through a series of sequen- 
tial shocks; beginning with an 
oblique shock from the splitter plate, 
ending with a terminal shock as the 
air reached the throat areas. Intro- 
ducing the initial shock wave was 
“starting” the inlet ramps. If the 
shock wave refused to enter, or 
popped back out of the inlets, it was 
called an “unstart” condition. 


Al White described an unstart at 
Mach 3 as sudden and violent, 
accompanied by a large reduction in 
engine thrust. The aircraft rolled, 
pitched, and yawed, accompanied 
by considerable buffeting. Normally 
one inlet unstarted with a bang and 
as the pilot was recovering the other 
inlet would unstart. Similar prob- 
lems also affected the Lockheed 
Blackbirds - it was one of the haz- 


inlet ramps began to close. As speed The first flight of A/V-2 was оп 17 July 1965, also from Palmdale. (AFFTC 


increased, their geometry changed 


History Office Collection) 
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For reasons we will not explore here, a sack of Idaho potatoes were flown on the 14 
October 1965 flight when A/V-1 exceeded Mach 3 for the first (and only) time. 
Note the markings on back of coveralls. The large box behind the people is part of 
the instrumentation that was carried in the weapons bay..(AFFTC History Office 


Collection) 


ards of very high speed flight. While 
not particularly dangerous, unstart- 
ing was one problem facing super- 
sonic transport designers. Passen- 
gers aboard an SST would not 
appreciate such an occurrence in 
flight. Nor would their stomachs. 
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There was another, potentially more 
serious problem. Sometimes, speed 
and throat ramp settings would cre- 
ate a condition where the shock 
wave was right at the boundary of 
the inlet, jumping in and out. This 
“buzz” had to be corrected quickly - 
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if it continued for more than a few 
minutes the stresses could cause 
structural damage. 


Despite the problems, by its eighth 
flight A/V-2 had reached Mach 2.34 
at 57,500 feet. However, Al White’s 
post-flight report recommended 
waiting until the AICS was fixed 
before attempting Mach 3 flight. 


ONWARD TO MACH 3 


In the meantime A/V-1 continued 
to go faster. Finally, on 14 October 
1965, A/V-1 recorded Mach 3.02 at 
70,000 feet. As A/V-1 accelerated 
through Mach 3 Al White reported 
“There’s that big magic number 
[Mach 3]." For just over two min- 
utes everything appeared fine. Sud- 
denly, White and Cotton heard 
something behind them. Although 
no caution lights had come on 
White decided to decelerate and let 
the chase planes catch up. They 
soon reported that about 2 feet of 
the left wing's leading edge was 
missing. Fortunately, the damaged 
section of the wing was far enough 
outboard that the debris wasn't 
drawn into the engine inlets. 


After 56 weeks and 17 flights, A/V-1 
had finally reached her goal - but 
she would never fly at Mach 3 
again. Alarmed with the skin sepa- 
ration problems, and hoping that 
improvements in A/V-2 would 
solve the problem, the Air Force 
imposed a Mach 2.5 speed limita- 
tion on A/V-1. Still, for a while 
А/У-1 was the largest and heaviest 
aircraft to have ever flown Mach 3, 
even if only for two minutes. 


During her 15th flight, on 11 Decem- 
ber 1965, A/V-2 reached Mach 2.94 
briefly, but ran at Mach 2.8 for 20 
minutes (spending 41 total minutes 
above Mach 2.5) without any indica- 
tions of skin separation. Ten days 
later, after 7 minutes above Mach 2.9 
(and 32 minutes above Mach 2.8), 
the oil pump for the No. 4 engine 
failed. Shutting down the engine, 
White and Cotton headed back to 
Edwards, when an over temperature 
caution came оп for the No. 6 
engine, which was shut down as 
well. After landing, it was discov- 
ered that, despite the early shut- 
down, loss of lubrication had 
destroyed engine No. 4 — the flight 
program only had 29 engines 
remaining. The No. 6 engine was 
removed and sent to General Elec- 
tric for repair. 


Less than 6 months after her first 
flight, A/V-2 reached Mach 3 on her 
17th flight — coincidentally, the same 
number of flights A/V-1 needed to 
reach Mach 3. A top speed of Mach 
3.05 (2,010 mph) was recorded for 3 
minutes, although 17 additional 
minutes had been spent above Mach 
2 and 16 more above Mach 1. The 
post-flight inspection revealed no 
sign of skin damage. Prudence was 
still the watchword, however, and 
А/У-2 twice more poked her sleek 
nose beyond Mach 3 for just a few 
minutes before sustaining 2,000 mph 


A/V-2 with the wingtips in the mid-down position. The two elevon segments on the 
outer wing panels were locked in the neutral position when the wingtips were folded. 


(Jay Miller Collection) 


at 73,000 feet for 15 minutes during 
her 22nd flight on 17 February 1966. 


The two aircraft seemed determined 
to add excitement at the same inter- 
vals. Both aircraft exceeded Mach 3 
on their 17th flights. Each of their 
37th flights added a different type of 
excitement. ( 


On 7 March 1966 the 37th flight of 
А/У-1 showed the type of adversity 
that could be overcome by a pair of 
experienced test pilots. Van Shepard 
was the pilot and Joe Cotton was 
copilot. Halfway through the 
planned flight, both hydraulic sys- 
tems began to fail. Shepard quickly 
brought the Valkyrie home as Cot- 


The second Valkyrie taxis at Edwards. Note that the trailing edge flaps on the 
canard are in their lowered position. (Jay Miller Collection) 
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A/V-1 made an emergency landing on 7 March 1966 
during A/V-1's 37th flight. Van Shepard was the pilot; 
Joe Cotton the co-pilot. Pete Hoag and Fitz Fulton were 
flying chase in an F-104. The landing gear problem 
forced an unusual three-mile J-shaped rollout on the 
lakebed. (above: Fitz Fulton Collection; others: Tony 
Landis Collection) 
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ton extended the landing gear. No 
green indicators came on, followed 
by a call from the chase plane that 
there was trouble with both sets of 
main gear. On the left side, the gear 
had not fully lowered before rotat- 
ing to meet the direction of travel, 
leaving the rear wheels higher, 
rather than lower, than the front set 
of wheels. 


The right side gear was in worse 
shape - it hadn't lowered at all 
before rotating. Even more alarming, 
it hadn't rotated completely in line 
with the direction of travel, although 
it was close. Neither the backup or 
emergency system corrected the 
problem. After what must have 
seemed like hours in the cockpit, 
engineers on the ground called up to 
the pilots with their plan. Shepard 
would land the Valkyrie on the dry 
lake bed, so there would be plenty of 
room. The engineers believed that, 
on touchdown, the left gear would 


Van Shepard set A/V-1 down on the 
lake bed, and each main gear did 
what the engineers expected. The 
aircraft was down and rolling, but 
she wanted to turn sharply to the 
right — threatening to ground loop, 
which, although probably not fatal 
to the pilots, would likely destroy 
the aircraft. So Shepard kept apply- 
ing power to the No. 6 (farthest right 
side) engine to help keep the 
XB-70A somewhat straight. 


After rolling almost three miles, the 
XB-70A came to a stop. The path, 
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level itself out, the weight of the 
XB-70A forcing the gear into its nor- 
mal position. As for the right gear ... 
being behind the centerline of the 
main strut, it was unlikely that the 
gear would level out, but hopefully 
the landing would at least cause the 
gear to finish swinging into the 
direction of travel, and the wingtip 
would still clear the ground, 
although the right side would be 
much lower than the left. 
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when viewed from above, looked 
like an upside-down letter “J” 
because the aircraft had swung over 
half a mile to the right and had 
turned 110 degrees. Only the size of 
the lake bed made this landing pos- 
sible; it is one major reason the Air 
Force tests at Edwards. 


The damaged was quickly repaired 
and A/V-1 returned to flight on 22 
March piloted by Cotton and Shep- 
ard on a 2 hour and 11 minute hop 
that only reached Mach 0.97 at 
32,000 feet. 


The only time an XB-70A would 
travel anywhere other than Edwards 
or Palmdale (not counting the last 
flight to the Air Force Museum) was 
on 24 March 1966 when Fulton and 
White took A/V-2 to the air show at 
Carswell АЕВ, Texas. The Valkyrie 
spent only 13 minutes at Mach 2.71 
before slowing down, ending up at 
6,000 feet over Carswell just 59 min- 
utes after takeoff. For the next half 


A/V-2 was one of the stars of the 
Carswell AFB airshow in March 1966. 
Note the simple sign that described the 
world's largest Mach 3 aircraft. (left: 
Terry Panopalis Collection; below: 
Fitz Fulton Collection) 
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hour, A/V-2 thundered around the 
skies of Texas before landing. The 
return flight two days later was the 
only flight during the entire pro- 
gram where performance data was 
not recorded, as Cotton and White 
flew back at subsonic speeds, taking 
a little over three hours to return to 
Edwards. 


It was not unusual for the XB-70A to 
experience engine unstarts during 
the test program. For instance, on 12 
April 1966 A/V-2 was on a high- 
speed flight that had been scheduled 
to fly at Mach 3 for 30 minutes, but 
Al White and Joe Cotton decided to 
cut the high-speed run short after an 
inlet unstart. The internal shock 
wave moved forward from its opti- 
mum position while the flight crew 
was experimenting with the manual 
vernier controls for “fine tuning" the 
engine inlets to achieve maximum 
performance. The unstart was aggra- 
vated by a turn maneuver - turning 


always affected inlet airflow, but 
was usually compensated for by the 
automatic inlet control system.‘ 


During the 20-minutes spent at 
Mach 3.08 and 72,800 feet, the maxi- 
mum free-stream temperature 
reached 624 degF at stagnation 
points on the wing and inlet leading 
edges. The highest previous free- 
stream temperature had been 610 
degF during a 16-minute Mach 3 
flight on 8 April. The higher temper- 
ature on this flight was attributed to 


atmospheric conditions and not the. 


duration of the flight." 


Not to outdone by her older sister, 
on 30 April 1966 the 37th flight of 
A / V-2 also experienced a landing 
gear problem. Shortly after takeoff, 
Cotton retracted the landing gear. 
However, a short-circuit in the land- 
ing gear retraction system permitted 
wind forces to blow the nose gear 
back into the partially-retracted gear 


well door, slashing the tires. An 
attempt to lower the gear using the 
normal hydraulic system failed. Try- 
ing the backup electrical system, 
Cotton heard a "pop" as that system 
went dead. 


White first brought the XB-70A 
around for a touch-and-go, hoping 
that a hard impact on the main gear 
would knock the nose gear loose 
and let it fall to the extended posi- 
tion. Even after a second try, howev- 
er, the nose gear remained jammed. 
At this point, bailing out and losing 
the aircraft was quickly becoming 
the only option. 


But there was fuel to burn, so White 
and Cotton circled around Edwards 
while engineers on the ground sort- 
ed things out. After more than 2 
hours the problem with the backup 
system was traced - hopefully - to a 
circuit breaker. Now all Cotton had 
to do was find a way to short circuit 


A/V-1 surrounded by ground equipment prior to an early morning flight at Edwards. Note the access ladder to the cockpit. 
(Chris Wamsley / Rockwell via the Terry Panopalis Collection) 
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The 37th flight of A/V-2 also had 
some excitement with the landing 
gear. It started with the nose gear 
impacting the gear door (above), 
resulting in multiple failures that 
made it impossible to lower the nose 
gear. Eventually, Joe Cotton shorted 
a circuit breaker with a paperclip. 
Unfortunately, three of the four main 
gear brakes remained engaged as the 
aircraft touched down, resulting in a 
fire during rollout. Damage was 
minimal. (Tony Landis Collection) 
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The first XB-70A flies formation with the NB-52B (008) on 6 January 1966. The. 


two aircraft were roughly the same size, but the Valkyrie was about ten percent 
heavier. (U.S. Air Force via the Terry Panopalis Collection) 


the unit. Of course, the Valkyrie had 
no onboard toolkit — that would have 
made things too simple. But Cotton 
had brought along his briefcase with 
his various notes and plans, and 
opening it, he found a binder-type 
paperclip. Straightening out the 
paperclip, then grasping the middle 
of it with a leather glove, Cotton 


carefully reached in and short cir- 
cuited the breaker. It did the trick. 


However, the malfunction also 
caused hydraulic pressure to remain 
on three of the four main wheel 
brakes, which were thus locked 
when the aircraft landed at 173 
knots. Fire fighters at Edwards pre- 


vented any serious damage to the 
aircraft, which flew again a little 
over two weeks later. 


On 19 May during flight number 
39, A/ V-2 flew at Mach 3.06 at 
72,500 feet for 33 minutes. In just 91 
minutes, the Valkyrie traveled over 
2,400 miles - an average speed of 
more than 1,500 miles per hour, 
including takeoff and landing. 
Finally, all remaining concerns 
about skin separation were laid to 
rest. The Valkyrie could lay claim to 
being a true Mach 3 cruiser. 


Three days later A/V-2 thrilled the 
spectators at the Armed Forces Day 
show at Edwards, including a cou- 
ple of supersonic passes over the 
crowd. Test data on stability and 
control issues were recorded during 
the 2-hour and 22-minute flight that 
reached Mach 1.51 and 36,500 feet. 


With all systems tested, the XB-70A 
prepared to move into Part 2 of 


A/V-2 shows three good drag chutes on the main runway at Edwards. The XB-70A program had a remarkable amount of 
trouble with drag chutes, although none caused any damage to the aircraft. (Gerald H. Balzer Collection) 


56 


WARBIRDTECH 


The second aircraft banks over the flight line at Edwards. Note the black smoke from the six-pack of |936. Despite her size, the 
XB-70A handled remarkably well during low-speed flight. (Rockwell via the Jay Miller Collection) 


Phase Two test program, where 
NASA would become much more 
involved, and extensive sonic boom 
and handling tests would begin. 
New pilots would join the program, 
including NASA chief test pilot 
Joseph A. Walker, who had just 
come from the X-15 program. Not 
only did Walker have an "astronaut" 
rating (given to Air Force pilots who 
flew higher than 50 miles), he had 
flown the X-15 beyond Mach 6 
(4,100 mph) in level flight. Mach 3 
would seem slow. Also joining the 
program was Air Force Major Carl 
Cross. At the same time, both AI 
White and Joe Cotton began to grad- 
ually ease out of the program, with 
Cotton going on to test other aircraft 
for the Air Force, and White to work 
on other projects at North American. 


A/ V-2 was refitted with additional 
instrumentation and data recording 


equipment — more than a thousand 
sensors, recording devices) and 
telemetry equipment were installed. 
These instruments would give a bet- 
ter look at a number of phenomena 
that couldn't be thoroughly tested in 


a wind tunnel including body flex, 
flutter, and pressure distributions. At 
the same time, NASA began setting 
up a large number of ground sensors 
to precisely measure the effect of 
sonic booms. But tragedy awaited. 


A/V-1 on 17 August 1965. Note that the intake and splitter area is not painted 
white as it was on A/V-2. (NASA DFRC Collection) 
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MiID-AIR ... 


On 8 June 1966 Al White was the 
pilot of A/V-2 along with Carl Cross 
on his first flight as copilot. The 
flight was to consist of 12 subsonic 
airspeed calibration runs and a sin- 
gle sonic boom measurement run. 
Afterwards White and Cross were to 
rendezvous with a formation of 
other aircraft powered by General 
Electric engines for a public relations 
photographic session. General Elec- 
tric had obtained local Air Force 
approval a week earlier for the photo 
session on a non-interference basis. 


Participating in the photo session 
were a Northrop F-5A Freedom 
Fighter flown by GE test pilot John 
M. Fritz, who had organized the 
event; a Northrop 1-38 Talon piloted 
by Captain Peter C. Hoag, with Joe 
Cotton in the rear seat; a McDonnell 
F-4B Phantom II flown by Navy 
Commander Jerome P. Skyrud with 
E.J. Black in the back; and a NASA 
F-104N (N813NA) flown by Joseph 
A. Walker. A Gates LearJet (also GE- 
powered) flown by H. Clay Lacey, 
loaded with photographers, record- 
ed the event. 


The rendezvous began at 08:27 on a 
southwesterly heading away from 
Edwards at 20,000 feet. By 08:43 all 
of the aircraft had formed up in a 
V-formation. The Valkyrie was lead- 
ing - Walker's F-104N was off the 
starboard wing; Fritz's F-5 was out- 
board and to the rear of Walker; 
Skyrud's F-4 was off the port wing; 
Hoag's T-38 was outboard and to the 
rear of Skyrud. The LearJet was posi- 
tioned about 200-yards to the left of 
the formation. For a good backdrop, 
White raised A/V-2 to 25,000 feet 
where he found blue sky. As the 
photo shoot progressed, the photog- 
raphers asked several times for the 
formation to close up, until all five 


The ill-fated formation just before the incident. Joe Walker's F-104N is under 
A/V-2's wing tip in the lower right corner. (AFFTC History Office Collection) 


aircraft were in close proximity. At 
09:26 the photographers were done, 
and everyone prepared to break for- 
mation and return to Edwards. 


Suddenly, somebody shouted “mid- 
air ... mid-air ... mid-air” over the 
radio. The F-104N’s tee-tail had hit 
the Valkyrie’s drooped right wingtip 
and rolled sharply left, out of control. 


The Starfighter then flipped upside 
down and passed over the Valkyrie 
inverted, shearing off part of its right 
and most of its left vertical stabilizer. 
Joe Walker was already dead. 


Al White and Carl Cross heard the 
impact, but felt nothing. Flying in 
the T-38 off the left wingtip, Joe Cot- 
ton called out “207 [identifying 


Seconds after the impact; Joe Walker is already dead. The XB-70A would continue 
to fly straight and level for 16 seconds. (AFFTC History Office Collection) 
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A/V-2 snap rolled to the right, then entered a flat spin. Al White managed to eject, but Carl Cross could not and perished in the 
accident. (AFFTC History Office Collection) 


A / V-2] you've been hit! You've been 
hit!" But in those first moments, nei- 
ther White nor Cross heard the call. 
Even as Cotton continued "okay, 
you're doing fine, he got the verti- 
cals, but you're still doing fine ... 
Your tails are gone; You'll probably 
spin" neither B-70 pilot heard the 
"s" on tails and therefore didn't 
associate the mid-air collision with 
the XB-70A. White turned to Cross 
and asked "I wonder who got hit?" 
It would soon become obvious. 


As if nothing had happened, the 
XB-70A flew straight and level for 
some 16 seconds. Then A/V-2 start- 
ed a slight roll. Al White corrected 


the roll — and instantly recognized 
the peril as the XB-70A snap-rolled 
to the right. White tried to save 
A/ V-2 — but after two slow rolls, the 
aircraft entered a flat spin, taking 
any hopes of recovery with it. White 
pushed his seat back to the eject 
position, but caught his arm in the 
capsule's clamshell doors as they 
closed. With the realization that he 
needed to get out quickly, White 
worked his arm clear and ejected 
just moments before A/V-2 impact- 
ed the ground a few miles north of 
Barstow, California. 


Although the drogue chutes 
deployed from White's capsule, the 


airbag underneath the capsule - 
designed to absorb much of the 
impact - failed to inflate. Striking 
the ground, White took a 43-g 
impact - lessened to 33-g as his seat 
broke free of its mountings. Amaz- 
ingly, although banged, battered, 
and bruised, he suffered no broken 
bones. White returned to flight sta- 
tus just three months later, but he 
never flew the XB-70A again. 


Carl Cross was not so lucky. Still in 
his seat, he impacted the ground 
with A/V-2 and was killed. Cross 
was an 8,500-hour veteran of Korea 
and Vietnam, and had six years of 
testing in multi-engined jet aircraft. 


The Valkyrie impacted the desert a few miles north of Barstow, California. The wing section (right) was a recongizable piece of 
the wreckage. (AFFTC History Office Collection) 
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Joe Walker had over 5,000 flight 
hours to his credit, including log- 
ging the highest flight of the X-15 
program, as well as several Mach 6 
flights. He had flown chase in 
NASA F-104s eight times before. 
Ironically, he was to become NASA's 
chief B-70 test pilot — his indoctrina- 
tion flight was scheduled two days 
later in A/V-2. 


The final cause of the mid-air was 
determined to be the inability of Joe 
Walker in the F-104N to discern that 


concluded that ^... it is readily 
apparent that the movement of the 
F-104 from a position of safe clear- 
ance to one of contact was possible 
through gradual motion without the 
pilot's awareness. ... The likelihood 
is further increased by the fact that 
at the position of impact of the 
F-104 horizontal stabilizer with the 
XB-70A drooped wing tip, the pilot's 
head was at least 10 ft. below the 
centerline of the [XB-70] fuselage."? 


In their findings, the board conclud- 


he had gradually closed-in on the 


ХВ-70А. The investigation board tributing factor to the collision, 


EXCITER VANES 


Following A/V-1's 73rd flight NASA installed a structural dynamics research 
package called ILAF (identically located acceleration and force). Two exciter vanes — 
each about two feet long — were located just in front of the crew compartment. They 
could rotate 12 degrees at a frequency up to 8 cycles per second. The vanes induced 
structural vibrations having a known frequency and amplitude; accelerometers 
sensed the disturbances and signaled the aircraft's stability augmentation system to 
move the aircraft's controls and suppress the disturbance. NASA hoped the ILAF 
program would serve as a prototype for advanced systems that could be installed on 
5575, enabling them to fly with increased smoothness and reducing the fatigue 
experienced by both passengers and airframe. Previously, XB-70A crews had fre- 
quently experienced annoying trim changes and buffeting from clear air turbulence 
and rapidly fluctuating atmospheric temperature. Test results indicated that the 
ILAF system reduced the buffeting associated with such conditions. The XB-70A 
made its first ILAF-equipped flight on 11 June 1968; from then until the end of the 
program in 1969, the aircraft acquired a great deal of information applicable to the 
design of future SST or large supersonic military aircraft. A similar system was 
installed on the North American/Boeing B-1 bomber. (NASA) 


ed that air turbulence was not a con-. 


based on telemetry that indicated no 
abrupt motions in pitch, roll, yaw, or 
acceleration. The board also ruled 
out the theory that airflow effects 
from the XB-70A somehow sucked 
the fighter into the bomber. The 
finding was that vortices con- 
tributed to the collision only after 
the F-104 was so close that collision 
was imminent. The board deter- 
mined that there were no equipment 
problems with the XB-70A, and that 
there were no indications of mal- 
function on the F-104N, although the 
aircraft did not carry telemetry 
transmitters or recorders so there 
was no way to know for sure. Physi- 
ological problems were considered 
remote in any of the three pilots 
involved. Pilot distraction was con- 
sidered unlikely, although a B-58 on 
a sonic boom run was approaching 
the formation during the last 16 sec- 
onds before the crash. The board did 
find that Joe Walker had no recent 
experience in flying the “loose V” 
formation, but discounted this as a 
real issue given Walker's extensive 
flight experience in general.” 


The likely cause for Carl Cross' fail- 
ure to eject, according to the board, 
was that the XB-70A went into a flat 
spin resulting in heavy forward 
forces. In order to eject, the seat must 
first be moved to its rearward posi- 
tion. White was believed to have ini- 
tiated ejection slightly earlier during 
a period of lower g-forces. White 
confirmed that Cross had armed his 
capsule prior to takeoff." 


Serious issues were raised in Con- 
gress and the Department of 
Defense due to the fact that the mid- 
air collision had occurred while pho- 
tographs were being taken for a pri- 
vate company. Two boards were 
appointed to investigate the crash. A 
memorandum from Secretary of the 
Air Force Harold Brown to Secretary 
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of Defense Robert S. McNamara 
contained the findings. Blame was 
placed on three Air Force colonels — 
Colonel Albert M. Cate (deputy for 
systems test at Edwards), Colonel 
Joseph F. Cotton (XB-70A test direc- 
tor), and Colonel James G. Smith, 
the public information officer who 
had failed to notify Air Force Sys- 
tems Command of the photography 
session. All three colonels were rep- 
rimanded. A Systems Command 
civilian, John S. McCollum, who was 
at Edwards the day prior to the 
tragedy and had been briefed on the 
photo-taking session on 7 June, was 
also reprimanded for not using his 
authority to stop the flight. ? 


NASA TAKES OVER 


Prior to the loss of A/V-2, the air- 
craft had become a surrogate for the 
proposed Boeing 733 SST. The gov- 
ernment and private researchers 
embarked on a major sonic boom 
test program at Edwards in an effort 
to accurately forecast psychological 
reaction and structural damage asso- 
ciated with overpressures from 
supersonic transports. The National 
Sonic Boom Program (NSBP) was 
set up by the President’s Office of 
Science and Technology, and consist- 
ed of three principal participants — 
the Air Force, NASA, and Stanford 
Research Institute. 


NASA also installed rake probes on top of the fuselage and wing. The outline area 
was done in red and masks a “No Step” zone for the tubing running across the 
upper surface of the wing going to the probe. These photos were taken on 17 March 
1967. (NASA DFRC Collection) 
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XB-70 A # 20001 
NASA (Late) 


T. Landis 6/01 


When A/V-1 was turned over to NASA she received the traditional yellow tail 
stripe, and the area around the intakes was repainted white. Various photo reference 
markings were applied periodically, and some experiments also altered the exterior 
slightly such as the exciter vanes shown here. (Drawn by Tony Landis) 


No matter the angle, the XB-70A looks futuristic even 30 years after its last flight. 
So far there has been little use for the experience gained from flying a large Mach 3 
aircraft, and there is no direct application on the horizon even now. Still, it was a 
remarkable achievement. (AFFTC History Office Collection) 


A sonic boom is caused by the over- 
pressure created by a shock wave 
produced by a supersonic aircraft. 
The overpressure could be potential- 
ly disturbing and destructive to per- 
sons and objects on the ground. The 
XB-70A was selected to perform the 
tests because it most closely approxi- 
mated the size of the Boeing SST. It 
was felt that the Valkyrie was the 
only aircraft capable of simulating 
the SST primarily because weight 
and size had a marked affect on 
sonic boom signatures. Although 
overpressures of equal peak magni- 
tudes could be obtained with F-104s 
and B-58s, the duration of the boom 
itself varied with each aircraft as do 
the shape of the shock waves them- 
selves and the forces involved. 


The NSBP began on 6 June 1966 
when A/V-2 performed the initial 
sonic boom test, reaching Mach 3.05 
at 72,000 feet. The second NSBP test 
was on 8 June - however, it was fol- 
lowed by the mid-air collision that 
destroyed A/V-2. 


Both the Air Force and NASA were 
unsure that A/V-1, with her Mach 
2.5 speed limitation, could continue 
the research since the Boeing SST 
was envisioned as a Mach 2.7 air- 
craft. A/V-1 had not flown since 9 
May because the original test pro- 
gram was scheduled to end in early 
June. Nevertheless, given that A / V-1 
was the only large supersonic air- 
craft available, NASA decided to 
install a duplicate set of test equip- 
ment in A/V-1. During this period 
А/У-1 was also equipped with 
improved escape capsules and an 
automated AICS, thereby eliminat- 
ing its troublesome manual air 
induction control system. 


А/У-1 took to the air again on 3 
November 1966 with Cotton and 
Fulton at the controls. Some 250 
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sonic boom tests were planned, 
mostly at overpressures of 1.5 to 3.0 
pounds per square foot, but some 
would reach 4.0 psf. The proposed 
300,000 pound SST, cruising at Mach 
2.7 at 65,000 feet, was expected to 
generate an overpressure of 2.0 psf. 


The ninth and final flight of the 
NSBP was on 17 January 1967. Sci- 
entists saw little point in continuing 
the program since the ХВ-70А flights 
had already provided sufficient data 
about large aircraft overpressures. It 
was found that sonic booms were 
affected by many factors — tempera- 
ture inversions, Mach number at 
altitude fluctuations, unparalleled 
shock waves, and variations in air- 
craft weight , size, and shape.? 


Because both the Air Force and 
NASA had equally allocated funds 
for the NSBP, it remained a joint Air 
Force/NASA venture - directed by 
NASA, managed by the Air Force. 
At the conclusion of the NSBP, the 
Air Force announced it was leaving 
the XB-70A program because of bud- 
get problems. In early 1967 NASA 
formally took over the XB-70A flight 
research program. The Air Force's 
withdrawal forced flight rates from 
the expected two flights per month 
to a single flight. 


Flights for the last 18 months concen- 
trated on basic research, although 
much of it was applicable to the SST 
program. Between January and April 
1967, additional instrumentation 
designed to measure structural 
response to gusts, stability and con- 
trol, boundary layer noise, and SST 
simulation was installed. These 
included wing rakes on the right 
wing for measuring the boundary 
layer, microphones in the lower nose 
section for measuring boundary layer 
noise, instruments to measure gusts 


Above the world, tips full down. By this time A/V-1 was officially limited to a 
maximum Mach number of 2.5 to prevent skin separation, although she actually 
reached Mach 2.55 on a couple of flights. (Mike Machat Collection) 


frame, and additional performance 
instrumentation. The first NASA 
flight occurred on 25 April 1967 with 
Joe Cotton and Fitz Fulton at the con- 
trols. Twenty-three additional flights 
were completed, and the highest 
speed attained during this phase was 
Mach 2.55 at 67,000 feet." 


RETIREMENT 


By the end of 1968, increasing oper- 
ating expenses and maintenance 


problems had caught up with 
А/У-1. The research data gained 
from the aircraft no longer justified 
the resources needed to maintain 
and operate it. On 13 January 1969, 
NASA Headquarters announced ter- 
mination of the XB-70A flight 
research program. The announce- 
ment rightly hailed the XB-70A as “a 
productive flight research vehicle for 
studying sonic boom, flight dynam- 
ics, and handling problems associat- 
ed with the development of 


A view from the bottom of A/V-1 during her tenure at NASA. Although beautiful 
when clean, the white paint showed dirt easily — most of what is on the lower 
and dynamic response of the air- fuselage is tire and runway dust from landings. (Mike Machat Collection) 
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At altitude with the wing tips in the mid-down position. The rake experiment may be seen, and several photo-reference marks 
have been painted on the fuselage. Note the open afterburner exhaust nozzles. (Mike Machat Collection) 


advanced supersonic aircraft." The 
final NASA flight was originally 
scheduled for 22 January 1969, but 
was delayed until 4 February when 
A/V-1 took off for Wright-Patterson 
AFB, outside Dayton, Ohio. 


Fitz Fulton and Ted Sturmthal were 
the pilots on the flight to the Air 


Force Museum. A trooper to the end, 
the XB-70A continued to record 
research data even during this 3 hour 
and 17 minute trip. The 1,880 mile 
flight was made at Mach 0.92 and 
29,000 feet. Fitz Fulton made a single 
pass over the runway before bring- 
ing the XB-70A down for a perfect 
landing – ironically marking the first 


time that A/V-1 had gotten three 
100-percent drag chutes. This was 
the 83rd flight of A/V-1 and its log 
book was closed showing a total 
flight time of 160 hours, 16 minutes. 


Fulton turned the log book over to 
the Air Force Museum’s curator. 
Considering the total cost of the B-70 
program, which has been reported 
as $1,500 million, it cost about $11.6 
million per flight — including both 
aircraft and a total of 129 flight tests 
between them. It was this staggering 
fact that may have prompted 
Sturmthal to say, "I'd do anything to 
keep the B-70 in the air, except pay 
for it myself." 


The first XB-70A lands at Wright- 
Patterson AFB on its delivery flight to 
the Air Force Museum. With this flight, 
the largest Mach 3 aircraft in the world 
passed into the history books. 

(Jim Tuttle Collection) 


! “XB-70A 'ѕ Research Role will Contribute Mach 3 Flight Data for SST Development,” Aviation Week & Space Technology, 18 May 1964, pp. 26-27. ? The majority of this chapter is derived from the 
XB-70 Flight Log compiled by Betty Love, DFRC, dated 7 May 1969, and various pilot and flight reports in the files of the DFRC History Office. Other published reports are cited where appro- 
priate. * Marcelle Size Knaack, Post-World War II Bombers, (Washington DC: Office of Air Force History, 1988), pp. 572-573; "XB-70 Flight,” Aviation Week & Space Technology, 28 September 1964, 
рр- 25-26. * Post-World War II Bombers, pp. 572-573; "XB-70 Flight," Aviation Week & Space Technology, 28 September 1964, рр. 25-26; XB-70 Flight Log compiled by Betty Love, DFRC, dated 7 May 
1969. * "XB-70 Flight,” Aviation Week & Space Technology, 28 September 1964, pp. 25-26. * "XB-70A Inlet Unstart," Aviation Week & Space Technology, 25 April 1966, p. 99; XB-70 Flight Log compiled 
by Betty Love, DFRC, dated 7 May 1969. 7 Ibid. * “Inflight Repairs Overcome XB-70 Malfunction,” Aviation Week & Space Technology, 8 May 1966; XB-70 Flight Log compiled by Betty Love, DFRC, 
dated 7 May 1969. " "XB-70 Crash Findings Reported By Air Force Investigating Board," Aviation Week & Space Technology, 22 August 1966, p. 18. " Ibid. " Ibid. ° Ibid. ® "NASA Assumes XB-70 
Research Effort,” Aviation Week & Space Technology, 13 February 1967, p. 38. " Ibid. 
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THE RIDE TO VALHALLA 


; 


THE AWESOME WHITE MAIDENS 


he XB-70A was truly one of 
| the aerospace wonders of the 
1960s - at the time of her 


first flight, she was the heaviest air- 
craft ever built, and also the fastest. 


To the eye, the two prototypes dif- 
fered in only minor details – a keen 
observer would notice the change in 
dihedral on the wing; most noticed 
the black radome under the nose. As 


was the norm for prototypes of the 
era, neither aircraft carried any spe- 
cial markings or names; only the 
standard U.S. AIR FORCE and stars- 
and-bars. 


Later in her life, AV/1 had the typi- 
cal NASA yellow band painted on 
the outside of each vertical stabilizer, 
but was otherwise largely not 
changed by her new masters. 


“ ` ИЕР) 


Interestingly, production aircraft 
would likely not have been white. 
Most of the available documentation 
indicates that the special infrared 
coatings being developed for the 
B-70s would have been a strange 
opaque silver color. The stillborn 
F-108 would probably have been 
similarly finished. Whether the coat- 
ings would have worked is an open 
question. 


The XF-108 mockup sometime 
before the mockup inspection in 
January 1958. By the time of the 
inspection, the mockup had been 
painted white and moved to the 
same area that would later house 
the B-70 mockup. The mockup 
was constructed of metal. 
(Boeing Historical Archives) 


By this time the mockup generally resembled the aircraft that would be built, although the shape of the upper aft fuselage is not 
nearly as blended as it would be on the actual aircraft. Note the location of the U.S. AIR FORCE marking on the lower fuselage 
and the SAC band behind the canard. (Chris Wamsley / Rockwell via the Terry Panopalis Collection) 
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A/V-1 a short time later 
shows the vertical stabi- 
lizers have been 
attached. The stainless 
steel honeycomb sand- 
wich that made up the 
majority of the skin was 
a dark gunmetal color. 
Note the details inside 
the wing joint. (Chris 
Wamsley / Rockwell 
via the Terry 
Panopalis Collection) 


A partially-completed 
A/V-1 sees the light of day 
for a while. At this point 
the major fuselage assembly 
is complete but the wings 
still need to be added. Note 
the fixed portions of the 
vertical stabilizers at the 
rear of the fuselage. (Chris 
Wamsley / Rockwell via 
the Terry Panopalis 
Collection) 


A/V-1 before and after the movable windshield ramp has been installed. In the background, the wings are being joined with the 
fuselage, a painstaking welding job due to the honeycomb construction technique. (Boeing Historical Archives) 
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A/V-2 gives a good comparison 
to the only other supersonic 
U.S. Air Force bomber, the 
Convair B-58 Hustler. A B-58 
was frequently used as a chase 
plane since it had much longer 
legs than the T-38s normally 
used. Regardless, it still could 
not keep up with the B-70 in 
either speed or range. 

(Jay Miller Collection) 


The small flap on the 
canard helped 
minimize the rotation 
angle, but like all 
delta-wing aircraft, 
the Valkyrie still 
took-off and landed 
nose high. Note how 
close to the ground 
the afterburner 
exhausts are during 
rotation. It would 
have been interesting 
to watch how close 
the proposed “alert 
pod” would have 
come to scraping. 
(Gerald H. Balzer 
Collection) 


A/V-1 approaches the main 
runway at Edwards. Note the 
helicopter hovering in the top 

center of the photo. The Valkyrie 
was designed to operate from any 
base capable of accommodating 
the B-52 — essentially meaning at 
least a 10,000-foot long runway 
and a well-reinforced ramp. 
(AFFTC History Office 
Collection) 
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A/V-2 makes a low pass 
down the flight line at 
Edwards with her wingtips 
in the mid-down position. 
Despite her size, the 
Valkyrie handled decently. 
(AFFTC History Office 
Collection) 


A/V-1 being prepared for 
her first flight on the 
ramp at Palmdale. Note 
the access ladders to the 
cockpit and the air 
intakes. (Tony Landis 
Collection) 


During December 1967, NASA used 
A/V-1 for a series of engine runs to 
measure noise in support of the SST 
program. Note the microphones set up 
on tall poles in the background. Also 
noteworthy is the amount of black 
smoke from the J93 engines. (Chris 
Wamsley /Rockwell via the Terry 
Panopalis Collection) 


A/V-1 taxies past the Edwards 
tower on her first NASA Flight — 25 
April 1967. The changes in 
markings were limited to the 
traditional yellow NASA tail stripe, 
and small NASA "meatballs" under 
the cockpit windows. (NASA 
DFRC Collection) 


єв WARBIRDTECH 


Operating and maintaining an aircraft as complex as the XB-70A was not easy. Note all of the ground support equipment sur- 
round the aircraft during an engine run-up. (AFFTC History Office Collection) 


A/V-1 roll-out on 11 May 1964. It must have been interesting for the tug dri- Тһе copilot escape capsule in A/V-1. The cap- 
ver — who is used to being in front of the airplane he is towing — since a large өше was a great idea, despite its demonstrated 
part of the Valkyrie's neck was in front of the tug. (Tony Landis Collection) 50-percent success rate. (Terry Panopalis) 
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One of the 38 YJ93-GE-3 engines built to 
support the XB-70A program. This was an 
advanced engine for the day, pioneering 
air-cooled turbine blades and titanium 
construction. The engine was optimized to 
run in continuous afterburner at Mach 3. 
The connection for the drive shaft that ran 
the airframe-mounted accessories package 
can be seen under the front of the engine. 
The package under the engine also 
contained the engine hydraulic system and 
its control system. (G.E. Aircraft Engines 
via the Terry Panopalis Collection) 


A Y]J93 engine being installed in the No. 4 posi- 
tion of A/V-1. The afterburner nozzle is closed in 
this photo. Note that the vertical stabilizers have 
not been installed on the aircraft — this was likely 
a test-fit of the engine, not the final installation. 
(Chris Wamsley / Rockwell via the Terry 
Panopalis Collection) 


A good close-up of the lower 
aft fuselage. Note the 
numbers on each engine bay. 
The elevons were particularly 
long and narrow, but 
provided decent control 
authority at both high and 
low speeds. The wings are at 
the mid-down position here, 
meaning that the outer two 
elevons were locked in their 
neutral position. Also 
noteworthy is the angle of the 
national insignia on the 
underside of the wing — the 
one on top was similarly 
angled. (NASA Collection) 
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In her element, A/V-1 folds her 
wing tips to the full-down posi- 
tion and prepares to go fast. 
There are no photos of the 
Valkyries at high Mach num- 
bers simply because no aircraft 
could keep up with them past 
Mach 2, and few could fly as 
high. A/V1 only flew to Mach 3 
once before being restricted to 
Mach 2.5 because of material 
problems with her honeycomb 
skin. (Tony Landis Collection) 


A/V-1 on her first 
flight on 21 
September 1964. 
Note that the 
engine area was 
not painted at this 
point — it would 
receive its coat of 
white paint when 
the aircraft was 
repainted following 
the structural tests 
before flight No. 5. 
(AFFTC History 
Office Collection) 


The two fastest air- 
breathing aircraft in 
the world pose 
together during a 
display at Edwards 
AFB on 1 May 1965. 
A/V-1 shows the 
great size different 
between the XB-70A 
and one of the 
Lockheed YF-12As 
(06935). The 
Valkyrie was almost 
five times as heavy 
as the blackbird, but 
had essentially the 
same performance. 
(AFFTC History 
Office Collection) 
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A sight that was 
somewhat elusive — 
three fully-opened 
drag chutes. Note the 
deployed flap on the 
trailing edge of the 
canard and the drag 
chute compartment 
door on top of the 
fuselage. The landing 
gear doors were closed 
except when the gear 
was in motion. 
(Rockwell via the 
Jay Miller 
Collection) 
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A/V-2 was the 
subject of a 
wonderful set of 
photographs taken 
at low-level around 
the desert and 
mountains of the 
southwest United 
States. It was a 
different photo 
shoot that would 
ultimately lead to 
her demise. 
(Rockwell via the 
Jay Miller 
Collection) 


Five XB-70 principles at the 30th 
anniversary celebration held at 
Edwards in September 1994. From 
the left: Joe Cotton, Al White, Walt 
Spivak, Fitz Fulton, and Don 
Mallick. Walt Spivak was the chief 
designer; the other four were pilots 
(Tony Landis) 
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. s built, the two XB-70As 
were two-seat high-perfor- 
mance demonstrators, not 


truly prototype bombardment air- 
craft. For the most part, the following 
description applies to the as-built 
configuration; the differences 
between the two air vehicles are 
noted as appropriate. Where they are 
known, the details of any possible 
production bomber are also included. 


For the record, the third air vehicle 
had not progressed into final assem- 
bly before it was cancelled. Howev- 
er, a great deal of the material had 
been produced: all of the 24,452 
square feet of honeycomb core had 
been received, as had all of the 
157,846 pounds of other sheet metal 
(not all of it would have been used — 
some would have been lost during 
machining, etc.). Over ninety per- 
cent of the extrusions and forgings 
had been produced. Most of the 
“neck” had been roughed-in, with 
the bottom deck finished, the top 
deck 90 percent complete, and all 
other sections at least 50 percent 
complete. The landing gear had 
been received by North American. 
No exact record of the fate of the 
material could be found, although it 
is assumed that it was scrapped at 
the end of the program. 


The ХВ-70А had truly remarkable 
performance - the maximum design 
speed exceeded Mach 3 at altitudes 
up to 85,000 feet. The maximum taxi 
weight was 542,029 pounds and the 
maximum takeoff weight was 
532,640 pounds. Maximum landing 
weight was 524,209 pounds. Howev- 
er, after a main landing gear bogie 
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was repaired on A/V-1, the maxi- 
mum allowable weight was reduced 
to 520,000 pounds.’ 


FORWARD FUSELAGE 


The XB-70A was characterized by a 
long forward fuselage “neck,” with 
a canard located just aft of the flight 
deck. At touchdown, the pilot was 
30 feet above the ground and 110 
feet ahead of the main landing gear. 
Given that the delta-wing XB-70A 
touched down decidedly nose-up 
(as do all deltas), instead of the level 
profile used by the B-52, it would 
have required some major adjust- 
ments by operational pilots. 


The fuselage was a semi-monocoque 
structure of basically circular sec- 
tion, changing to a flat-top section in 
the crew compartment area. The for- 
ward fuselage was made of riveted 
titanium frames and skin over 
longerons of H-11 steel (often called 
“tool steel”). The large nose radome 


that would have housed the attack 
and navigation radars was manufac- 
tured from laminated Vibran.” 


СОСКРІТ 


The pilot апа copilot sat side-by- 
side in individual escape capsules. 
AV /3 and operational aircraft would 
have had offensive and defensive 
systems operators sitting behind the 
two pilots. Each escape capsule had 
a self-contained oxygen and pressur- 
ization system, affording complete 
crew protection during and follow- 
ing ejection. The capsules could also 
be closed, if necessary, for crew pro- 
tection during an in-flight emer- 
gency, particularly one that involved 
the decompression of the crew com- 
partment. Limited control of the air- 
craft and engines (throttle down 
only) was possible from inside the 
closed capsules, which had a win- 
dow on the front edge that allowed 
the pilot to see the instrument panel. 
When the capsules were closed the 


General cutaway view of the XB-70A. Despite her large size, every cubic inch was 
used to house fuel, systems, or the massive air intakes. (Tony Landis Collection) 
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A nice view of the flight deck of A/V-1 without the escape capsules installed. The 
large fuel control panel is on the left side of the copilot's control wheel. 
Instrumentation was a mix of conventional round dials and vertical tapes. Getting 
into and out of the escape capsules was awkward, at best, and the width of the 
center console did not make it any easier. To partially solve the problem, North 
American hinged the center console (right). (Jim Tuttle Collection) 


crew microphones went "hot" to 
provide continuous communication. 
The capsules provided meaningful 
escape from zero to 80,000 feet and 
100 to 2,000 mph? 


The encapsulation and ejection 
cycles were controlled by handgrips 
within the capsules. Raising the 
handgrips automatically encapsulat- 
ed the crewman, while squeezing a 
trigger within the handgrip jetti- 
soned the escape hatch and ejected 


the capsule. A rocket catapult pro- 
pelled the capsule from the aircraft 
and clear of the vertical stabilizers, 
while stabilization booms deployed 
to prevent the capsule from tum- 
bling. As the capsule descended, 
barometrically-controlled actuators 
deployed the recovery parachute 
and impact attenuator. The extended 
stabilization booms provided the 
capsule with a self-righting charac- 
teristic in the event of water landing, 
and the capsule was water tight and 


could float for prolonged periods if 
necessary. Ап Air Force volunteer 
actually survived 72 hours afloat in 
a B-70 capsule in January 1960. Sur- 
vival equipment was provided in 
four separate kits in each capsule, 
mounted on the upper left and right 
walls, and under the capsule floor. 
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The equipment consisted of cold 
weather clothing, a life raft, suste- 
nance gear, signaling equipment, 
first aid kit, and rations. * 


The B-70 instrument panels were a 
mixture of traditional round instru- 
ments and the unique vertical 
"tape" instruments that found brief 
favor during the 1960s. The instru- 
ments were color-coded and illumi- 
nated by white light (the traditional 
red light washes out color). 


In theory the XB-70As provided a 
"shirt sleeve" environment, but in 
fact every flight over 50,000 feet was 
conducted with the crew in pressure 
suits. The crew compartment tem- 
perature could be regulated between 
42 degF and 105 degF, according to 
crew preferences. A constant pres- 
sure altitude of 8,000 feet was main- 


tained under normal circumstances, 
and an emergency ram air system 
could maintain a pressure altitude of 
40,000 feet (requiring oxygen, but 
not pressure suits) in the event of a 
primary system failure." 


The main crew entrance was on the 
left side of the aircraft, forward of 
the canard. This entrance was 17 feet 
above ground level, requiring spe- 
cial access stands for ingress and 
egress. Care had to be taken to 
ensure the access stand did not 
touch the fuselage since rubbing 
could result in minor surface dam- 
age that would be aggravated by 
Mach 3 flight. There were four sepa- 
rate hatches in the upper fuselage, 
corresponding to the positions of the 
expected four-person crew in any 
future production version. In the 
XB-70As, the two forward hatches 


PARACHUTE 
CONTAINER 


EMERGENCY RADIO 
BEACON BATTERY 
SUPPLY 


were ballistically removed in the 
event of crew ejection; the two aft 
hatches could be ballistically or 
manually removed for aircrew 
escape during ground emergencies." 


The aircraft had two windshields - a 
moveable outer unit and a fixed 
inner unit. The moveable wind- 
shield and ramp assembly consisted 
of five full-tempered glass panels in 
a framework structure that was 
hinged at the forward end and guid- 
ed by four frame-mounted roller 
assemblies. In the full-up position, 
the slope of the ramp and wind- 
shield formed a nose section contour 
that provided minimal drag. In the 
full-down position, a 24-degree 
slope provided increased visibility 
for low-speed operations. Intermedi- 
ate positions could be selected as 
necessary. The moveable windshield 


ESCAPE CAPSULE (Typical) 


EMERGENCY RADIO 
BEACON ANTENNA (STOWED) 


CHAFF DISPENSER 
STABILIZATION BOOM (BOTH SIDES) 


RH UPPER SURVIVAL 
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CAPSULE DOOR 
INTERIOR RZLEASE BAR 
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SEAT HANDGRIP {BOTH SIDES) 
HANDGRIP DOWNLOCK RELEASE 
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EJECTION TRIGGER (BOTH 9025) 
FLIGHT STATUS SAFETY PIN 
EMERGENCY OXYGEN ACTUATOR 
KNOD ("GREEN APPLE") 
HSEL PEDAL (BOTH 51085) 
LOWZR SURVIVAL KIT- 


COMPARTMENT (BOTH SIDES) 


SHOULDER HARNESS 
FOOT GUIDE REEL 


LOCK HANDLE 


HANDGRIP UPLOCK 
RELEABE LEVER 


NOTE 

After handgrips are raised and capsule 
closed, either or both ejection triggers 
may be squeezed to eject capsule 

from the airplane. 


The escape capsule drawing from the XB-70A flight 
manual (above), and Al White stands by a capsule 
outside the aircraft (left). (above: U.S. Air Force; Left: 
Gerald H. Balzer Collection) 
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A great close-up of the canopy area during a test flight on 2 December 1965. The 
ramp is in the up (streamlined) position. (NASA DFRC Collection) 


and ramp-assembly was hydrauli- 
cally operated and electrically con- 
trolled. An emergency system was 
provided that allowed the ramp to 
be fully lowered in the event the pri- 
mary system failed. A windshield 
anti-ice and rain removal system 
directed high-temperature (600 
degF) engine extraction air through 
two nozzles on the leading edge of 
the movable windshield. The inner 
fixed windshield consisted of five 
glass panels in a 78-inch wide, 200 
pound 7AI-4Mo titanium forging. А 
defogging system was provided for 
the inner surface of both the move- 
able and fixed windscreens.’ 


CANARDS 


The canard served primarily as a 
trimming device. but could be used 
in conjunction with the elevons for 
additional pitch control under some 
circumstances. The entire canard 
could be deflected from zero to six 
degrees for trim control, and the trail- 
ing edge could be lowered 20 degrees 
to function as a flap. The leading 
edge sweep was 31.70 degrees with 
a total area of 265.28 square feet 
(415.59 square feet including the 
fuselage portion). The canard was 


constructed from a torsion box made 
of corrugated titanium spars and skin 
panels. The leading edges were made 
from stainless steel honeycomb sand- 
wich, and the trailing edge flaps were 
titanium. 


WINGS 


The wing had an aspect ratio of 
1.751:1, with a mean chord of 117.75 
feet at the root and 2.25 feet at the 
tip. The leading edge was swept 
back at 65.56 degrees and the total 
area was 6,297.15 square feet. The 
entire upper and lower wing surface 
was covered with brazed stainless 
steel honeycomb sandwich panels 
welded together. The leading edges 
were attached directly to the front 
spar. The spars were of the sine- 
wave webbed type. A/V-1 had no 
anhedral, but the second aircraft fea- 
tured 5 degrees of dihedral. Both air- 
craft had a slight aerodynamic twist 
on the outer panel leading edge. The 
wing-to-fuselage joint was 80 feet 
long and both the inner and outer 
honeycomb face sheets of the upper 
and lower wing surfaces had to be 
welded together. The first step weld- 
ed the inner edge of the honeycomb 
using a tungsten electrode inserted 


through a 0.125-inch gap between 
the outer face sheets. The latter were 
then joined with a filler strip welded 
with an electron-beam gun to mini- 
mize shrinkage. In all, there were 
over 6 miles of welding during com- 
ponent assembly and 2.5 miles of 
welding during final assembly; sev- 
eral of these miles involved the 
edges of fuel tanks.’ 


The outer 40-percent (span-wise) of 
each wing could be folded down- 
ward to increase directional stability 
during high-speed flight. Each tip 
occupied about 500 square feet of 
area and was driven by six Curtiss- 
Wright 32,000:1 motor hinges housed 
under a black magnesium-thorium 
fairing. On production aircraft the 
leading edge of the fairing would 
have housed an infrared sensor for 
the defensive avionics. The wing tips 
could be commanded to three posi- 
tions: UP, 1/2 (25 degrees down on 
A/V-1 and 30 degrees on A/V-2), 
and DOWN (64.5 degrees on A/V-1 
and 69.5 degrees on A/V-2). The UP 
position was used or landing, take- 
off, and subsonic flight. The 1/2 
position was used for supersonic 
flight, while the DOWN position 
was used at very high speeds (Mach 
2.5 and up). The use of the folding 
wing tips eliminated the increased 
drag that would have resulted if 
larger vertical stabilizers had been 
used instead. When the tips were full 
down, the shock wave they generat- 
ed impinged on the bottom surface 
of the wing, adding about 5 percent 
more lift to the compression lift 
already being generated." 


At first the design folded the outer 
20 percent of each wing; i.e., out- 
board of the outer elevon. However, 
wind tunnel models soon indicated 
that additional surface area was 
required for directional stability, so 
the fold line was moved inboard to 
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between the fourth and fifth elevon. 
This led to some complications since 
as-built the outer two elevon sections 
were now located on the folding part 
of each wing tip. A wing fold disen- 
gage system was incorporated that 
automatically locked the outer two 
elevon sections on each wing at the 
neutral position and disengaged 
them from further movement until 
the wings were unfolded. Weight-on- 
wheels sensors prevented the wings 
from being folded on the ground 
since the tips would impact the 
ground in the full down position. An 
emergency up system was provided 
in the event the two primary systems 
failed to return the wings to the up 
position during flight." 


Elevons at the wing trailing edge 
were segmented into six sections per 
side to reduce air load bending 
effects. Two hydraulic actuators 
powered each elevon segment, 
which could move 30 degrees up or 
down from the centerline. Symmet- 
rical movement of the elevons pro- 
vided basic pitch control; differential 
movement provided roll control." 


The XB-70As used a flight augmenta- 
tion control system that used electri- 
cal signals in parallel with the 
mechanical linkage between the con- 
trol columns and hydraulically-actu- 
ated flight controls. The actual deflec- 
tion of the flight control panels was 
primarily by the mechanical linkage; 
the electrical control provided a small 
degree (either the same as, or oppo- 
site of the mechanical) of deflection 
for trim purposes. The augmentation 
system also provided automatic 
damping about all three axes.? 


VERTICAL STABILIZERS 
The vertical stabilizers had a leading 


edge sweep of 51.76 degrees and 
233.96 square feet of area. Interesting- 


ly, if North American had not opted 
for the folding wingtips, the vertical 
stabilizers would have needed 467.92 
square feet to provide equivalent 
directional stability. Only the forward 
lower edge (about a third of the area) 
was fixed; the rest of the surface was 
used as a rudder driven by dual 
hydraulic actuators. The hinge line 
was located at 45 degrees from the 
vertical. The rudders could deflect 12 
degrees either side of center. 


The fixed supporting base was a 
multi-spar design with honeycomb 
skin panels. It was attached to the 
wing root juncture by mechanical 
fasteners. The movable rudders 
were also multi-spar with brazed 
honeycomb skin panels. The leading 
and trailing edges were full-depth 
honeycomb wedges." 


LOWER FUSELAGE 


The aft fuselage was a hybrid struc- 
ture consisting of a variety of differ- 
ent construction techniques. During 
high speed flight the external skin 
temperatures of certain areas could 


FUSELAGE 
ENGINE BAY 


H-II FRAMES 


TITANIUM SKIN € INCOWEL 


reach 675 degF, while the internal 
temperatures could exceed 900 degF 
in the aft fuselage due to engine heat. 
Since the engines occupied most of 
the last 26 feet of the lower fuselage 
and the air intakes and weapons bay 
occupied most of the forward sec- 
tion, North American could not use 
full-depth transverse framing. In 
order to carry the wing bending 
loads across the fuselage, North 
American used multiple shallow- 
depth crossbeams to form the upper 
part of the bent. The side and lower 
transverse frames supported the 
engine access doors and were used 
to complete the bent. The spars were 
machined from H-11 and used titani- 
um webs. At the side of the fuselage, 
the honeycomb sandwich wing stub 
was joined to the H-11 frames with 
high-strength mechanical fasteners. 
The skin covering the top and sides 
of the lower fuselage was 6A104V 
titanium alloy riveted in place. The 
engine compartment doors used 
6A1-4V titanium alloy skins over 
4A1-3Mo-1V titanium frames." 


The original B-70 design included 
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The engine bay was made up of a variety of exotic materials, including René 41, 
titanium, and H-11 tool steel. (North American Aviation) 
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The intakes on the XB-70A were huge — each trio of |93 engines required a vast amount of air at full power, and the intakes had 
to both supply the air and slow it down. The photo at left shows the middle of the right air intake looking forward. Note the 
person for scale. The photo at right was taken from about where the person was sitting, looking rearward toward the empty 
engine locations. (Tony Landis Collection) 


two weapons bays. When it became 
obvious that the high energy fuel 
program would not materialize and 
the new bomber would have to rely 
on less-efficient JP6, the aft weapons 
bay was converted into additional 
fuel storage. As built, the 29-foot 
long weapons bay on the XB-70As 
extended from fuselage station 
YF1356 to YF1704. The opening of 
the bay was seven feet above 
ground level. The bay was covered 
by two sets of doors operating on a 
single set of tracks. The length of the 
track permitted only one set of 
doors to be opened at a time. Mov- 
ing both doors aft opened the for- 
ward 14 feet of the bay; moving only 
the aft door opened the rear 14 feet 
of the bay. The center one foot was 
unusable since the doors never 
cleared the area. This also meant 
that weapons longer than about 13 
feet could not be carried by the B-70. 
In the closed position the leading 
edge of the forward door was held 
tight against the step fairing of the 
fuselage by two interconnected 
hooks that engaged the fuselage 
structure. The aft door was locked to 


the forward door in an identical 
manner. It should be noted that the 
weapons bay doors on A/V-1 and 
A/V-2 were not powered and could 
not be opened in flight. AV/3 would 
have had powered doors, as well as 
suspension and release equipment 
in the rear portion of the weapons 
bay for a single type of weapon for 
demonstration purposes.” 


AIR INDUCTION 


As with any supersonic aircraft, a 
way had to be found to reduce the 
engine intake air to subsonic veloci- 
ties. In the XB-70A, two completely 
separate and independent inlet duct 
systems were provided, each deliv- 
ering air to three engines. Each 
intake was about seven feet high at 
the splitter. From there the air was 
ducted approximately 80 feet back 
to a plenum chamber just ahead of 
the engines. The plenum chamber 
was the size of a small bedroom. The 
rectangular-section intake was man- 
ufactured from brazed stainless steel 
honeycomb sandwich panels except 
for H-11 steel sections around the 


front of the engines. The primary 
function of the Hamilton Standard 
inlet control system was to position 
the shock waves created at super- 
sonic speeds so that the air entering 
the engines was subsonic. Each duct 
system incorporated a rectangular 
variable-geometry inlet, a variable 
area bypass, a boundary layer bleed 
air control, and an air inlet control 
system (AICS). Varying the inlet 
geometry was accomplished by a 
movable panel system in each inlet 
duct. Each inlet had three fixed 
ramps, three movable panels, 
plenum divider panels that isolated 
four compartments just inboard of 
the inlet, and hydraulic actuators to 
position the panels. The ramps and 
panels served three primary func- 
tions: they formed the inlet duct 
wall, set up a shock wave pattern 
during supersonic flight, and pro- 
vided a means of bleeding the 
boundary layer air.” 


* The Cartesian coordinate system used on the XB-70 was 
generally the same as used by almost all aircraft. The coordi- 
nate system used X, Y, and Z to designate the axis; subscript 
F was used for the fuselage, W for the wing, etc. In the case 
of the Valkyrie, the zero coordinate of the fuselage was locat- 
ed 128 inches ahead of the nose; i.e., the nose (ignoring the 
pitot boom) was at YF128. 
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Approximately 90 percent of the air 
compression was performed in the 
inlet, not the engine. The inlet was 
designed to reduce the free-stream 
air velocity from Mach 3 to less than 
Mach 1 by a series of shocks, begin- 
ning with the primary shock wave 
created by the leading edge of the 
splitter duct and ending aft of 
the minimum throat area. Ideally, the 
terminal shock wave would have 
been at the minimum throat area. But 
factors such as gust disturbances 
could "pop" the shock outside the 
inlet, resulting in an "unstart" and 
possible engine flameout. Engineers 
decided to accept a small perfor- 
mance penalty and move the shock 
further aft in an attempt to prevent 
this from happening." 


Two secondary shocks prior to the 
duct entrance were caused by breaks 
in the sweep of the splitter duct. The 
air followed a circular route in the 
duct, which caused another series of 
shocks. The terrhinal shock to sub- 
sonic velocity was the last to occur. 
Three movable panels, positioned by 
two hydraulic actuators, opened or 
closed the throat area to meet engine 
air requirements; the maximum 
opening was 48 inches wide while 
the minimum was 19 inches. A three- 
position switch in the cockpit 
allowed the pilots to choose how far 
back the terminal shock would be 
positioned. For maximum range and 
most efficient air recovery, the shock 
was positioned forward. However, if 
the aircraft was flying through turbu- 
lent air or maneuvering, the shock 
would be positioned further back. 
The aft position provided the most 
stable operation and basically pre- 
cluded the shock from being expelled 
through the front of the duct.” 


Excess inlet air was jettisoned over- 
board through six pairs of bypass 
doors located on the upper surface 


of the wing between and slightly 
forward of the vertical stabilizers. 
The six sets of doors were divided 
into two sets of trimmer doors and 
four sets of primary doors. Each pair 
of doors was interconnected (one 
door opened downward and the 
other opened upward). The bypass 
doors provided from zero to 2,400 
square inches of bypass area. ? 


The three panels in the throat of 
each inlet were perforated so that 
slow-moving turbulent boundary 
layer air was bled to ambient pres- 
sure on the other side of the panels 
into four separate plenums, each 
bleeding boundary air from a differ- 
ent section of the forward duct. This 
air was discharged at the rear of the 
step just aft of the nose wheel well. 
The remaining boundary layer air 
was diverted into the engine com- 
partments to provide cooling. This 
air exited from ducts around the 
engines. North American believed 
that ducting inlet bleed air around 
the engines would also effectively 


cloak the afterburner from infrared 
detection. However, little could be 
done about the miles-long trail of 
hot gases generated by the six J93s.” 


Two pairs of unstart sensors were in 
a support package located between 
the throat panel hydraulic actuating 
cylinder and the outboard wall of 
the forward weapons bay. An inlet 
unstart was "an undesirable condi- 
tion resulting from the expulsion of 
the terminal normal shock wave 
during flight when it is desired to 
have it located inside the duct." The 
air induction control system package 
was located in the aft weapons bay, 
complete with its own environmen- 
tal control system. This equipment 
would have been relocated in any 
production version.” 


LANDING GEAR 


Cleveland Pneumatic manufactured 
tricycle landing gear that had dual 
steerable nose wheels and four 
wheels on each main gear bogie. The 


The nose gear used the same size wheels and tires as the main gear. This is A/V-2 
on 25 March 1966. (NASA DFRC Collection) 
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gear retracted into environmentally- 
controlled compartments in the 
lower fuselage. The nose gear retrac- 
tion was aft; the main gear went 
through a complicated folding and 
rotation sequence to fit into relative- 
ly small compartments while not 
interfering with the air intakes or 
engine plenum chambers. The wheel 
well doors were kept closed except 
when the gear was being extended 
or retracted. The landing gear 
weighed 12,000 pounds.” 


Each main gear consisted of a main 
shock strut, drag braces, actuators, 
and a folding bogie assembly with 
four 40-inch diameter main wheels 
and 40x17.5-inch 36-ply В.Е 
Goodrich tires, two brakes, and a 
16x4.4-inch brake reference wheel. 
The tires had a silver color as a result 
of a heat-resistant material being 
impregnated into the rubber during 
construction and also painted on the 


exterior surface. The brakes were 
somewhat unique, with a stack of 21 
stationary and 20 revolving disks 
located between opposing wheels 
and shared between them. The sta- 
tionary discs were splined on a stator 
ring cage and the rotating discs 
splined to the torque tube to which 
the wheels were attached. The 
wheels ran on bearings fitted directly 
to the H-11 forged steel bogie instead 
of on an axle. Since the brake discs 
were separated from the wheels, 
much more efficient cooling was 
achieved. Still, at maximum effort 
the brake temperatures exceeded 
2,000 degF and absorbed over 200 
million foot-pounds of kinetic ener- 
gy. Ап antiskid braking system was 
incorporated on the main gear 
wheels, and a small ^fifth wheel" on 
each main bogie provided a speed 
reference for the antiskid system. 
The small fifth wheel and one main 
wheel contained speed sensors that 


The main gear retraction sequence was 
complicated in order that the gear could 
fit into relatively small gear wells that 
did not interfere with the air intakes. 
This sequence of photos was taken on 4 
May 1967. (NASA DFRC Collection) 


sent data to the antiskid computer. 
The difference in speeds between 
these two sensors indicated the 
amount of slippage (since the fifth 
wheel had no loads, it was assumed 
that it always recorded actual speed). 
If an excessive speed differential 
existed, the computer then relieved 
some brake pressure to that bogie.” 


The nose gear consisted of a shock 
strut, drag brace, torque links, actua- 
tors, a steering servo actuator, and 
two 40-inch wheels and 40x17.5-inch 
36-ply B.F. Goodrich tires. The nose 
wheels could be steered 58 degrees 
either side of center at taxi speeds, 
or 35 degrees either side of center 
during takeoff and landing.” 


Three 28-foot diameter ring-slot 
nylon drag chutes were housed in 
an environmentally-controlled com- 
partment on top of the fuselage, 18 
feet from the rear of the aircraft. A 
30-inch diameter spring-loaded 
pilot chute pulled an 11-foot diame- 
ter extraction chute which in turn 
deployed the three main chutes. 
The upward-opening compartment 
doors were locked in the open posi- 


80 


WARBIRDTECH 


tion when the pilot commanded the 
chutes to deploy. The chutes could 
be deployed at speeds as high as 
200 knots after the main gear was 
firmly on the ground.” 


FUEL SYSTEM 


Each XB-70A was equipped with 11° 
fuel tanks; however, since tank No. 3 
was over the center-of-gravity it was 
used as a sump tank and not for fuel 
storage. Five of the tanks were locat- 
ed in the aft part of the fuselage 
neck, and three integral tanks were 
in the main part of each wing. Some 
reports indicate that AV/3 and pro- 
duction aircraft would have had 
another fuel tank in each wingtip, 
but the structural complexity of 
adding weight into this movable 
panel might have been extreme. On 
A/V-1, tank No. 5 was inoperative 
due to unresolved leakage problems. 


The wing tanks were emptied first. 
From the main tanks, fuel was fed to 
the No. 3 sump tank as dictated by 
engine requirements and center-of- 
gravity concerns. At cruise power, 
fuel flowed from tank No. 3 to the 
engines at 785 pounds per minute. 
Fueling and defueling were accom- 
plished through a single-point 
receptacle at a rate of 600 gallons per 
minute. An adjacent control panel 
allowed ground crew to select which 
tanks were to be filled or drained. A 
fuel tank sequence panel on the 
copilot’s instrument panel presented 
a graphic display of tank sequenc- 
ing. Dual-colored tapes (white and 
black) were used to indicate the fuel 
level in each tank — white indicated 
fuel; black indicated no fuel. When 
the display was completely black, 


* There were 11 physical tanks; however, most technical doc- 
umentation for the XB-70A says there were 8 tanks. This is 
because the two corresponding wing tanks were considered 
one logical unit since they were controlled simultaneously to 
maintain the center of gravity. These tanks were designed 
Nos. 6 left/right, 7 left/right, and 8 left/right. The fuselage 
tanks were designated Nos. 1 through 5. 


the tank was empty. The intertank 
transfer of fuel was automated on 
А/У-2, but was accomplished man- 
ually by the copilot on A/V-1. The 
third prototype and production air- 
craft would have included an aerial 
refueling receptacle on the upper 
surface of the nose forward of the 
articulating windshield." 


Fuel was used for cooling various 
systems through a series of heat 
exchangers supplied from the sump 
(No. 3) fuel tank. At Mach 3 the fuel 
could absorb over 30,000 BTUs per 
minute from the hydraulic, engine 
oil, and environmental control sys- 
tems. However, towards the end of 
the mission or during periods when 
the fuel flow was low (such as dur- 
ing in-flight refueling when the 
engines were throttled back) a sec- 
ondary cooling method used 4,000 
pounds of water that acted as a sub- 
stitute heat sink. The water was 
vaporized at a rate of 28 pounds per 
minute in a boiler by the latent heat 
from the systems normally cooled 
by the fuel. 


Gaseous nitrogen was used for fuel 
tank pressurization and inerting. 
Two liquid nitrogen dewars each 
held 350 pounds of LN2 under 83 
psi pressure. A vaporizer circuit con- 
verted the LN2 into GN2 which was 
then supplied to the various fuel 
tanks and lines under pressure. At 
the end of a high-speed flight, a fuel- 
to-water heat exchanger assured that 
the fuel delivered to the engines did 
not exceed 260 degF.* 


Oxygen in the JP-6 was considered 
detrimental both to the stability of 
the fuel and also to aircraft safety. To 
help eliminate the oxygen, the fuel- 
ing process for the XB-70A was 
somewhat elaborate. A tanker full of 
JP6 began by pumping the fuel into a 
second, empty tanker. At the same 
time, the second tanker was being 
pressurized with high-pressure dry 
nitrogen which was bubbled through 
the JP-6 as it was pumped in. The 
dry nitrogen drove out any oxygen 
in the fuel, and the "clean" JP-6 was 
pumped into the XB-70A already 
partially pressurized with nitrogen. 


This was the instrumentation package installed in the weapons bay of A/V-1 on 27 
July 1967. The entire package could be lowered for maintenance. The weapons bays 
on the two XB-70As were not functional since they could not be opened in flight 
and contained no suspension racks. (NASA DFRC Collection) 
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HYDRAULIC SYSTEMS 


Six airframe-mounted accessory 
drive system (ADS) gearboxes, each 
shaft-driven by a corresponding 
engine, were mounted in separate 
compartments forward of the 
engines. All six gearboxes drove 
4,000 psi hydraulic pumps, and Nos. 
2, 3, and 4 also drove ac electrical 
generators. The aircraft was normal- 
ly powered by two generators (Nos. 
3 and 4), but any of the three was 
capable of supplying the entire load 
if required. The constant-speed 
(8,000 rpm) generators provided 
240/416-volt, 3-phase, 400 hertz 
power through step-down trans- 
formers. The hydraulic pumps could 
be run “in reverse” and were used to 
start the engines. Having the acces- 
sories mounted on the airframe 
instead of on the engine allowed 
easier and more rapid engine 
maintenance, and also eliminated 
building-up different engine config- 
urations (some with ac generators; 
some without, etc.).” 


The use of 4,000-psi systems instead 


of the customary 3,000-psi systems 
was an attempt to save weight, but 


ac generators ^ 


led to a considerable number of 
minor problems. The 3,000-psi sys- 
tems would remain the standard for 
the industry until the Bell V-22 intro- 
duced 5,000-psi systems in the late 
1990s - again with many problems. 
АП totaled, each XB-70A used 85 lin- 
ear actuators, 50 mechanical valves, 
44 hydraulic motors, and about 400 
electrically-actuated solenoid valves. 
More than a mile of various size tub- 
ing contained 3,300 brazed and 600 
mechanical joints. To avoid the large 
weight penalty of providing a cool- 
ing system, all of the actuators and 
valves were designed to withstand 
high temperatures.” 


Conventional couplings were not 
used in the various fluid systems 
(hydraulic, fuel, oil) to save weight 
and (unsuccessfully) eliminate the 
possibility of leakage. Instead, all 
high-pressure fluid line connections 
were brazed; low-pressure lines 
were welded. North American esti- 
mated that the technique saved over 
10,000 pounds.” 


Approximately 220 gallons of a spe- 
cial high-temperature hydraulic 
fluid called “Fluid 70” (actually 


General Electric YJ93 
engines (6 total) 


4,000-psi hydraulic pump 
(all six engines) 


One of the innovations pioneered on the XB-70A was the use of airframe-mounted 
accessories, such as generators and hydraulic pumps. This simplified engine 
buildup and installation as well as logistics. (U.S. Air Force) 


named Oronite 70) were used. This 
fluid could operate continuously at 
450 degF and intermittently up to 
630 degF. Although the fluid was 
much better than the original 
Oronite 8200 that had been selected, 
it still left much to be desired and 
required constant replacement due 
to breaking down after prolonged 
exposure to high temperature.” 


ELECTRONICS 


Each aircraft was equipped with two 
AN/ARC-90 UHF command radios 
that provided 3,500 channels 
between 225.00 MHz and 399.95 
MHz, and had a built-in guard 
receiver tuned between 238-248 
MHz. On A/V-1 only one of the UHF 
sets was active at a time, the other 
being in standby mode. On A/V-2 
both sets could be used simultane- 
ously. Antennas were located on both 
the top and bottom of the forward 
fuselage. An AN/AIC-18 intercomm 
allowed the two pilots to talk to each 
other. An AN/APX-46 transponder 
(IFF) set was installed on both air- 
craft, more for air traffic control pur- 
poses than anything else. Again, 
antennas were located on the top and 
bottom of the forward fuselage.? 


Each XB-70A was equipped with an 
AN/ARN-58 instrument landing sys- 
tem and a standard AN / ARN-65 
TACAN radio navigation system. 
The TACAN installation was a far cry 
from the sophisticated bombing-nav- 
igation system developed by IBM, 
and was generally considered only 
marginally acceptable for test flights. 
Without the IBM bomb-nav system, 
the XB-70As did not have an inertial 
navigation system and were forced to 
rely on dead-reckoning and TACAN. 
Fortunately, the chase planes general- 
ly had better navigation systems, and 
the XB-70s were always under posi- 
tive radar surveillance. 
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The central air data system provided 
the flight crew with displays of indi- 
cated airspeed, calibrated airspeed, 
indicated altitude, true altitude, 
Mach number, maximum safe Mach 
number, altitude rate (vertical veloc- 
ity), indicated angle-of-attack, verti- 
cal acceleration, and total tempera- 
ture. Indicated airspeed and altitude 
were displayed on standby indica- 
tors for both the pilot and copilot. 
Total temperature was displayed to 
the pilot. The other indications were 
displayed on vertical scale indica- 
tors to both pilots. Since the 
XB-70As were not equipped with an 
inertial navigation system, the accel- 
eration data came from the flight 
test instrumentation package carried 
in the weapons bay.* 


А 12-foot long (fuselage stations 
YF463 through YF605) electronic 
equipment compartment was locat- 
ed behind the crew compartment 
and accessed via a door in the rear 


of the crew compartment. The elec- 
tronics compartment was pressur- 
ized and cooled, but by a separate 
system from that used by the crew 
compartment. The door between the 
compartments had to remained 
sealed except for brief periods when 
crew members were transiting 
between the compartments.” 


Behind the electronics compartment 
(YF605 through YF861) was a 21-foot 
long environmental control equip- 
ment compartment. This compart- 
ment could also be accessed in flight 
through a door in the rear of the 
electronics compartment. Again, the 
compartment was pressurized and 
cooled by a separate system and the 
connecting door could not remain 
open for prolonged periods.** 


GENERAL ELECTRIC J93 TURBOJET 


The XB-70As were each powered by 
six General Electric YJ93-GE-3 turbo- 


jet engines, unofficially called the 
“six pack." The engine was a contin- 
uous flow gas turbine incorporating 
a multi-stage axial flow compressor, 
a fully annular combustor, a two- 
stage impulse reaction turbine, and 
an afterburner equipped with a vari- 
able area convergent-divergent 
exhaust nozzle. Compressor speed 
was governed by a hydro-mechani- 
cal fuel control with an electrical 
temperature override for exhaust 
temperature at maximum speeds.” 


The engine was designed for contin- 
uous afterburner operation. The 
publicized thrust was "in the 30,000- 
pound class" in afterburner, but the 
actual figure was usually not given. 
In reality, the -3 engine made 28,800- 
Ibf in afterburner at sea level. Non- 
afterburning performance was 
approximately 19,000-Ibf. 


The YJ93-GE-3 was 237 inches long 
and 52.5 inches wide; the intake was 


The "six pack" of Ү)93 engines in A/V-1. Note that the exhaust nozzle on engine No. 2 is open while the others are closed. The 
nozzles were closed using utility hydraulic power, and if no ground power was available, the last engine to be shut down 
(normally No. 4) would be unable to close the nozzle. (NASA DFRC Collection) 
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The General Electric Y[93-GE-3 engine was designed to operate in continuous 
afterburner. The box-like structure under the nose contained the engine's hydraulic 
system (separate from the aircraft systems) plus the gearbox and shaft takeoff that 
would drive the airframe-mounted accessories. (General Electric via the Terry 


Panopalis Collection) 


42 inches in diameter. The thrust-to- 
weight ratio was 6:1, considered very 
good for the time but paling in com- 
parison to modern turbofans. Mov- 
ing most accessories to the airframe 
allowed for a much simpler engine 
installation than was traditional. An 


engine could be replaced in 25 min- 
utes — a feat demonstrated on several 
occasions. The engine was designed 
to use JP-6, basically an improved 
kerosene derivative with improved 
heat stability and resistance to the 
formation of solids in the exhaust.” 


The No. 2 engine being removed from A/V-1. An experienced (and well-motivated) 
crew could change an engine іп 25 minutes thanks to the large access doors and the 
convenience of the airframe-mounted accessory concept. Note the open exhaust on 
the No. 4 engine. (AFFTC History Office Collection) 


The J93 was the first engine to use 
air-cooled turbine blades and also 
the first to use blades made from 
titanium alloy. This allowed operat- 
ing temperatures "several hundred" 
degrees higher than was normal 
practice at the time. The blades 
proved somewhat more fragile than 
their steel counterparts, and at least 
25 engines suffered foreign object 
debris damage during the flight test 
program. 


Despite a protracted development 
effort, the YJ93-GE-3 was completed 
on schedule and passed its 68-hour 
preliminary flight rating test in 1961, 
in time for the original XB-70 first 
flight date. By the time the first air- 
craft was actually rolled out in Palm- 
dale, the J93 had accumulated over 
5,000 hours of test time — including 
600 hours at more than Mach 2. As 
part of the engine test program, Gen- 
eral Electric built a Mach 3 test facili- 
ty, and also used a similar facility at 
the Air Force Arnold engineering 
Development Center in Tullahoma, 
Tennessee. Engine inlet tests were 
also conducted at AEDC, with 52 
hours of tests involving 154 engine 
starts, 109 engine stalls, and over 200 
inlet unstarts. The inlet in these tests 
was a 0.577-scale model using an 
actual small jet engine. Despite the 
fact that the idea had been cancelled 
along with the B-70 production pro- 
gram, the -3 engine had also been 
flight tested aboard a B-58 (55-0662) 
where it was housed in a specially- 
configured centerline pod. The B-58 
was capable of testing the engine at 
Mach 2 in “real world" conditions.” 


The YJ93 fuel system consisted of an 
engine-driven, dual element, con- 
stant displacement gear-type pump 
that incorporated a centrifugal boost 
element that supplied 32 dual-orifice 
fuel nozzles in the main combustor. 
An additional 32 fuel injectors fed 
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the afterburner as needed. The igni- 
tion system consisted of a low-ten- 
sion capacitor discharge unit that 
housed 4-joule and 20-joule circuits. 
During normal ground starts the 
4-joule circuit was used; during low- 
temperature ground starts and for 
all air starts both the 4- and 20-joule 
systems were used.” 


Each engine was equipped with a 
3,500-psi hydraulic pump that was 
separate from the airframe-mounted 
pumps and was used only for engine 
control. The engine used hydraulic 
power to move the front and rear 
variable stators, and the primary and 
secondary exhaust nozzles." 


Because they were prototype 
engines, and the XB-70A test pro- 
gram was not expected to fly into 
known icing conditions, the engines 
were not equipped with anti-icing 
systems. However, the basic J93 
design incorporated all the neces- 
sary structural facilities (internal 
piping for air supply, mounting 
pads, etc.) for an anti-icing system.” 


The XB-70A was ahead of its time in 
providing a “thrust-by-wire” system. 
The throttle levers in the cockpit sent 
electrical signals to each engine con- 
trol system. This in turn provided a 
mechanical linkage to the engine that 
integrated the operation of the main 
fuel control, afterburner fuel control, 
and primary nozzle area control. In 
addition to the conventional throt- 
tles, emergency thrust control 
switches were provided on the cen- 
ter aisle console and also in each 
escape capsule. Having electric con- 
trol of the engines was one of the 
keys to providing limited aircraft 
control from within the sealed 
escape capsules, but oddly, the 
engine thrust could only be reduced 
from inside the capsule. The concept 
was that once the aircraft slowed 


down and lost altitude, the pilots 
could open the capsules and control 
the aircraft normally.? 


General Electric built 38 YJ93-GE-3 
engines. Six were damaged beyond 
repair on flight 1-12, and another six 
were lost with A/V-2. Several others 
were damaged on test stands and in 
flight, and two were bailed to GE for 
use in developing the GE4 engine 
for the SST. A couple of the engines 
have been donated to museums, in 
addition to the six engines in A/V-1 
at the Air Force Museum.“ 


After the cancellation of the J93 pro- 
ject, many of the lessons learned 
from the engine were applied to the 
development of the General Electric 
G4 turbojet designed for the Boeing 
Supersonic Transport (SST). The first 
GE4 demonstrator ran on 18 July 
1966, and two days later it achieved 
its rated rpm. On 23 August it 
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achieved its design thrust of 40,000- 
lbf. With afterburning, the engine 
was to produce 52,600-Ibf. A later 
version of the engine achieved 
63,200-Ibf on 19 September 1968, 
establishing it as the most powerful 
jet engine in the world at the time.* 


MILITARY SYSTEMS 


As delivered, neither XB-70A had 
any military systems installed, other 
than a non-functional weapons bay. 
AV /3 would have been equipped 
with a functional weapons bay and 
prototype offensive avionics. The 
planned capabilities were impres- 
sive, however. 


The weapons bay was sized to 
house a multitude of bombs, includ- 
ing thermonuclear devices up to 
10,000 pounds each, 20,000-pound 
conventional bombs, various smaller 
conventional bombs, chemical and 


A YJ93 engine in a test cell at the Air Force Arnold Engineering Development 
Center in Tullahoma, Tennessee. Supersonic and high altitude conditions were 
simulated in these test cells. (General Electric via the Terry panopalis 


Collection) 
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biological weapons, or up to two 
new air-to-ground missiles. The mis- 
siles were to have a range of 300-700 
nm and an accuracy of less than a 
mile. Other missiles (probably 
GAM-87 Skybolts) were to be car- 
ried on external hard points under 
the wings, at least in some variations 
of the B-70.** 


The IBM-developed AN/ASQ-28(V) 
bombing-navigation and missile 
guidance subsystem was intended 
to be used by both WS-110A and 
WS-125A before the nuclear-pow- 
ered bomber was cancelled. The 
bomb-nav system would have incor- 
porated a star tracker - an improve- 
ment of a unit originally intended 
for the Navaho intercontinental 


cruise missile - to allow precise nav- 
igation without the use of radio aids. 
At some points in its development, 
the ASQ-28 was to incorporate both 
forward- and side-looking Doppler 
radars - the side looking units were 
relatively 


intended to allow 


"stealthy" approaches to the targets. 
The system was designed to be 
equally accurate at low level or at 
2,500 knots and 100,000 feet. The 
search radar had a range of 200 nm, 
and could accurately track targets at 
125 nm. A resolution of 200 feet at a 
range of 50 nm was expected. The 
avionics used various components 
from Goodyear (radar data proces- 
sor), General Electric (X-band radar), 
and General Precision Laboratories 
(Doppler processor). At least limited 
testing was undertaken using C-54, 
RC-121, JB-29, JRB-57, and RB-66 air- 
craft as surrogates." 


As originally envisioned, the defen- 
sive avionics would consist of five 
elements: active and passive warn- 
ing devices, threat evaluation equip- 
ment, electronic countermeasures, 
infrared countermeasures, and chaff 
dispensing rockets. Again, at least 
initially the systems being devel- 
oped for WS-110A would also have 
been used on the WS-125A nuclear 


The environmental control system compartment behind the crew cabin. This view is 
looking forward towards the cockpit. (The Boeing Company) 


aircraft. Early thought was given to 
adapting the AN/ALO-27 jamming 
system being developed for late- 
model B-52s to the B-70, but the 
physical differences in the aircraft 
made this impossible. A revised sys- 
tem, using many of the techniques 
developed for the ALQ-27, was to be 
capable of noise jamming 30 radars 
simultaneously and track breaking 
against a further 10 simultaneous 
radars. It would cover virtually the 
entire spectrum from 50 to 16,000 
megacycles. At various times, the 
Air Force and North American 
explored the application of defen- 
sive missiles, including a unique 
“flying saucer” design called а 
“lenticular defense missile" as well 
as more conventional designs such 
as modified GAR-9s. One study 
(SR-197) endorsed equipping these 
missiles with a "neutron kill" war- 
head that would render the enemy 
missile warheads inoperative with- 
out exploding them.* 


ALERT POD 


One of the more interesting systems 
being designed for the operational 
B-70 was the Alert Pod developed 
by Beech Aircraft. This was envi- 
sioned as a means to provide the 
B-70 with a self-sufficient ground 
power system during deployments 
to relatively austere bases. 


One of the operational requirements 
laid down by SAC was that the B-70 
should be ready for takeoff in less 
than three minutes after the crew 
entered the aircraft. In order to 
accomplish this, many of the B-70 
systems would have to have already 
been powered-up to maintain them 
at correct operating temperatures. 
This would require external power. 


Instead of relying on transport air- 
craft to carry the external power 
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The "special power device" would have been a self-contained transportable pod that provided electrical, hydraulic, and 
pneumatic power. A mockup of the pod may bee see in some shots of the overall B-70 mockup, such as on page 21. The pod 
would have been manufactured by Beech Aircraft. (via the Jay Miller Collection) 
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carts for the B-70, a decision was 
made to design all of the necessary 
systems into a streamlined pod that 
could be carried by the В-70 itself, at 
least during subsonic flight. The pod 
would provide all necessary 
hydraulic, electrical, and pneumatic 
power to the aircraft while it was on 
ground-alert status, and also during 
maintenance activities.” 


The pod was designed to attach to 
the centerline of the lower fuselage 
behind the weapons bay, roughly 
under engines No. 3 and 4. The 
pod was equipped with its own 
retractable wheels that were used 
after it was detached from the air- 
craft. While sitting on its wheels, the 


pod was approximately 6 feet high 
and 30 feet long. Three built-in hoists 
(two at front and one rear) allowed 
the pod to the mated to the B-70. The 
pod contained two small gas turbine 
engines that drove six hydraulic 
pumps (one for each J93) and two 
generators. The hydraulics allowed 
each of the accessory drives on the B- 
70 to be powered in order to start the 
1936. The pod could also cool and/or 
heat the B-70 crew compartment and 
equipment bays as needed. An area 
in the rear of the pod allowed the 
ground crew to store tools and minor 
parts, while a large JP-6 fuel tank at 
the front was sufficient for nine 
hours of unrefueled operation of the 
turbines. The pod could be con- 
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trolled locally by the ground crew, or 
from the crew compartment at the 
copilot’s station.” 


It was expected that each opera- 
tional B-70 would have its own alert 
pod procured for it. Beech and 14 
other companies submitted propos- 
als for the pod to North American 
on 27 October 1958, and North 
American announced Beech as the 
winner on 23 April 1959. At the time 
the pod was considered highly clas- 
sified and was described only as “a 
special power device.” A mockup 
was inspected and approved on 1 
August 1959. A prototype unit was 
supposed to have been completed 
by 1 October 1961, with production 
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The offensive operator's radar display for A/V-3. The left display had a film 
transport system and a projector to show where the B-70 "should be." The right 
display looked at the actual outside world, in radar format. The radar display had a 
recording camera on top. (Jim Tuttle Collection) 


units available beginning in August project changed rapidly, and the 
1963. But the fortunes of the B-70 alert pod was never completed.” 
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The proposed offensive systems for the B-70. The use of side-looking radar was an 
attempt to conceal emissions from the aircraft directly ahead. Note that a single 20 
megaton thermonuclear bomb was the primary payload, although the aircraft would 
have been capable of carrying a variety of other nuclear and conventional gravity 
bombs, as well as missiles. (U.S. Air Force) 


SIGNATURE REDUCTION 


One of the complaints frequently 
voiced against the B-70 was that it 
was a large target. The concept of 
"stealth" (a term not yet applied to 
the idea) was not far advanced in 
1960, but engineers at Lockheed and 
North American both understood 
that reducing the radar and infrared 
signature of strategic aircraft would 
at least delay their detection by the 
enemy. The shape and materials 
used by Lockheed in the Blackbird 
were specifically intended to lower 
its radar signature. Several detailed 
studies into the signature of the 
B-70 were made, and provided a 
basis for reduction attempts.” 


During the very short YB-70 devel- 
opment period, the Air Force had 
directed North American to investi- 
gate means to reduce the probability 
the B-70 would be detected. Prelimi- 
nary investigations were made into 
applying various radar absorbing 
materials (RAM) to the airframe, 
particularly the insides of the air 
intakes. However, most of the North 
American effort appears to have 
concentrated on reducing the 
infrared (IR) signature of the air- 
craft. Exhausting cool air around the 
J93 engines was one means of reduc- 
ing the IR signature of the B-70. 


As part of its research, North Amer- 
ican actually developed a "finish 
system” (i.e., paint) that provided a 
low emittance at wavelengths used 
by Soviet infrared detecting devices, 
while radiating most of the excess 
heat from the surface in wave- 
lengths not normally under surveil- 
lance. The finish utilized a low emit- 
tance basecoat with a organic top- 
coat that was transparent to energy 
in the 1 to 6 micron range. The top 
coating was strangely opaque and 
highly emissive at wavelengths 


ss WARBIRDTECH 


between 6 and 15 microns. This fin- 
ish was relatively invisible to IR 
detecting equipment, while still 
allowing the skin to radiate excess 
heat overboard to maintain its struc- 
tural integrity.” 


Two different coatings were devel- 
oped, one for areas that reached a 
maximum of 485 degF, the other for 
areas up to 630 degF. The first (logi- 
cally, called Type I) consisted of 
Englehard Industries Hanovia 
Ceramic Metallic Coating No. 2 
0.004 mils thick. Over this was 
applied a 1-mil thick mixture of 85 
percent Ferro Enamaling No. AL-8 
Frit and 15 percent Hommel No. 
5933 Frit. The Type II basecoat was a 
mixture of 40 percent Hanovia Sil- 
ver Resinate and 60 percent 
Hanovia L.B. Coating No. 6593 
applied 0.004-mil thick. The top coat 
was a mixture of 74 percent 3M Kel- 
F No. 2140, 24 percent 3M Kel-F No. 
601, and 2 percent A1203 applied 1- 
mil thick. The Type I coating was 
actually test flown, having been 
applied to one panel on the vertical 
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Despite the effort being cancelled when the YB-70 development program was 
terminated, eventually the |93 did get its ride aboard a B-58 Hustler. A special pod 
was created that allowed testing the |93 at Mach 2 and high altitude under real- 
world conditions. The single |93 added almost 50 percent to the available thrust of 


the B-58. (Tony Landis Collection) 


stabilizer of the X-15 rocket plane. 
No observable physical changes 
occurred during the Mach 4.43 
flight. In most probability the top 
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coats would have been an opaque 
silver instead of the white finish 
used on the two XB-70A prototype 
aircraft.” 
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Details of the main gear (left) and nose gear (right). All ten wheels and tires on the XB-70 were identical. (U.S. Air Force) 
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A new heat-reflecting tire was developed 
by B.F. Goodrich for the XB-70A. Here a 
staged photo demonstrates (by boiling 
water in a kettle) the tire's ability to 
stand the heat generated by air friction 
at three times the speed of sound. The 
tire was exposed to temperatures of 360 
degF for several hours. B.F. Goodrich 
was awarded a patent for the heat 
reflective material on the tire's outer 
surface. (B.F. Goodrich via the Gerald 
sH. Balzer Collection) 


The finish system was somewhat dif- 
ficult to apply to an aircraft as large 
as the YB-70s, but the engineers 
expected that further development 
would yield improvements in the 
process. The most difficult problem 
was that the underlying surface had 
to be highly polished prior to apply- 
ing the basecoat. In addition, the 
basecoat of both finishes had to be 
cured at 750 degF, while the topcoat 
of the Type II finish had to be cured 
at 1,000 degF (creating almost a 
ceramic finish). Accelerated environ- 
mental tests indicated the surface 
would prove durable on the stainless 
steel sections of the aircraft, but its 
long-term adhesion to titanium 
appeared to be weak and additional 
work would be needed to cure this 
problem. Both finishes were relative- 
ly immune to exposure to hydraulic 
fluid, fuels, oils, and other substances 
expected to be encountered during 
operational service. Each could be 
readily with soap and water.” 


' North American Report NA-66-901, Operational Limitations of the XB-70A Air Vehicle, prepared under NASA contract NAS4-1175, 30 August 1966. passim. ° ХВ-70-2-1, Development Program 
Manual, General Airplane, USAF Series XB-70A Aircraft, 30 July 1966, changed 31 March 1967, p. 1-1. ` Ibid, p. 1-2. * Ibid, pp. 2-2 and 2-3. * Ibid, p. 2-13. ° Ibid, pp. 1-2 and 22. 7 Ibid, рр. 1-2, 2-15, 2- 
18, and 2-19. * "XB-70A 's Research Role will Contribute Mach 3 Flight Data for SST Development," Aviation Week & Space Technology, 18 May 1964, pp. 26-27.” XB-70-2-1, p. 1-1; Iain Pike, B-70 
State-of-the-Art Improver, Flight International, 25 June 1964, p. 1062. " XB-70-2-1, pp. 1-1, 2-33, and 2-34. " XB-702-1, рр. 2-34, and 2-35; “ХВ-70А 's Research Role will Contribute Mach 3 Flight 
Data for SST Development,” pp. 26-27. ° XB-70-2-1, pp. 1-1 and 2-33. " Ibid, pp. 2-35 and 2-36. " Richard L. Schleicher, "Structural Design of the XB-70," a paper presented at the Institute of Aero- 
nautical Sciences in 1967. " Ibid. * North American Report “XB-70 Program Engineering Effort To Be Accomplished on Contract 42058 (31 July 1962 Through 30 June 1964), 9 August 1962; ХВ-70-2- 
1, p. 1-4. ” XB-70-2-5, Development Program Manual (Propulsion Related Systems), USAF Series XB-70A Aircraft, 30 July 1966, changed 21 November 1966, pp.7-1 through 7-10. '* B-70 State-of- 
the-Art Improver, p. 1059; “XB-70A 's Research Role will Contribute Mach 3 Flight Data for SST Development,” pp. 26-27. “Т.О. 1B-70(X)A-1, Interim Flight Manual, USAF Series XB-70A Aircraft 
31 August 1964, changed 25 June 1965; "XB-70A 's Research Role will Contribute Mach 3 Flight Data for SST Development," pp. 26-27. 9 XB-70-2-5, pp.7-1 through 7-10. ? Ibid, pp.7-1 through 7-10; 
B-70 State-of-the-Art Improver, p. 1060. 2 XB-70-2-5, pp.7-1 through 7-10. ? ХВ-70-2-1, pp. 1-2 and 2-17.* ХВ-70-2-1, pp. 2-16 and 2-17; B-70 State-of-the-Art Improver, p. 24. ^ XB-70-2-1, pp. 2-16 
and 2-17. * XB-70-2-1, pp. 1-2, 2-18 and 2-19; North American Report NA-66-901, Operational Limitations of the XB-70A Air Vehicle, prepared under NASA contract NAS4-1175, 30 August 1966, p. 
2; Т.О. 1B-70(X)A-1. 7 XB-70-2-1, pp. 1-2, 2-8, 2-9 and 2-10. * XB-70-2-1, pp. 2-11 and 2-14. ” XB-70-2-1, рр. 1-2 and 2-19. * "XB-70A 's Research Role will Contribute Mach 3 Flight Data for SST 
Development," pp. 26-27;B-70 State-of-the-Art Improver, p. 20. * XB-70-2-1, p. 1-1. * “ХВ-70А 's Research Role will Contribute Mach 3 Flight Data for SST Development," pp. 26-27; B-70 State-of- 
the-Art Improver p. 20. “ XB-70-2-1, pp. 2-37 and 2-38. * Ibid, р. 2-21. * Ibid, p. 1-4. * Ibid, p. 1-4. * Ibid, p. 2-3. “ B-70 State-of-the-Art Improver, p. 1060. ” Ibid, p. 1060. * XB-70-2-1, р. 2-4. " Ibid, p. 
2-5. ? Ibid, p. 2-6. * Ibid, pp. 2-6 and 2-7. * "NASA Assumes XB-70 Research Effort,” Aviation Week & Space Technology, 13 February 1967, p. 38. * Jane's All the World's Aircraft, 1970-71 edition, (Lon- 
don: Jane's Yearbooks, 1971), pp. 765-766. * Development of Airborne Armament, 1910-1961, report 61WW-12808, prepared by the Air Force Systems Command, October 1961, Part I, pp. 108-160. ” 
Ibid, pp. 108-160. * Ibid, pp. 313-380. " North American briefing, B-70 Weapon System Alert Pod, undated, originally classified Secret. In the Jay Miller Collection. % Ibid. * North American news 
release, 23 April 1959, * See, for example, North American Report NA-59-53-1, "Thermal Radiation Characteristics of the B-70 Weapon System,” 31 July 1959 and North American Report NA-59- 
1887, “B-70 Radar Cross Section, Infrared Radiation, and Infrared Countermeasures,” 31 December 1959. Both originally classified SECRET. ? North American Report NA61-295 “Development of 
Coating Materials for Reduction of the Infrared Emission of the YB-70 Air Vehicle," 16 March 1961, originally classified SECRET. * Ibid. * Ibid. 
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THE 129 FLIGHTS OF THE MAIDENS 


she following flight log was excerpted from the XB-70 Flight Log compiled by Betty J. Love at the NASA 
Flight Research Center and distributed to members of the XB-70A team on 7 May 1969. The "Flt No." 
column identifies which aircraft and the flight number for that aircraft. The columns marked "Sub" and 
“Mach” identify the hours and minutes spent at each speed on each flight; the “Total Super" column is the total 
supersonic time (in hours and minutes) on that flight and the "Total Flight" column gives the total flight time (in 
hours and minutes) for the flight. The "Max Values" columns give the maximum Mach Number (Мп), speed (in 
mph) and altitude (in feet) for each flight. 


Sub Mach Mach Mach Mach Total Total Max Values 
Pilot Copilot НМ  1.0-1.9 2.0-2.5 2.5-2.9 3.0 Super Flight Mn mph Feet 


П 
1 
1 


White Cotton 
White Cotton 
White Cotton 
White Cotton 
White Cotton 
White Fulton 
White Fulton 
White Shepard 
White Cotton 
White Cotton 
White Shepard 
White Fulton 
White Cotton 
White Shepard 
White Cotton 
White Fulton 
Cotton White 
Shepard White 
Fulton White 
White Fulton 
White Cotton 


l 07 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
White Shepard 1 
1 
0 
0 
0 
0 
0 
0 
1 
1 
1 
2 
0 
0 
0 
0 
Ш 
1 
0 
2 
0 
0 
2 


55 
20 
45 


07 0.50 360 16,000 
55 0.85 600 28,000 
35 1.11 725 35,400 
25 142 945 46,300 
10 1.60 1,060 45,000 
53 0.79 655 35,000 
37 1.85 1,200 50,200 
40 2.14 1,365 56,100 
54 0.95 | 630 34,500 
2.30 1,485 58,500 
2.45 1,570 64,300 
2.60 1,690 65,000 
2.60 1,700 65,000 
2.85 1,200 68,000 
1.41 935 42,000 
2.82 1,900 66,000 
145 950 41,000 
145 950 46,000 
144 950 42,000 
1.83 1,200 50,500 
2.83 1,200 67,000 
223 1,460 54,000 
2.30 1,520 55,000 
2.34 1,550 57,500 
3.02 2,000 70,000 
2.43 1,600 59,500 
2.46 1,620 59,000 
2.45 1,610 59,000 
1.86 1,230 46,000 
1.89 1,250 45,500 
1.84 1,220 46,000 
1.88 1,240 47,000 
0.53 380 15,200 
2.34 1,540 56,000 
2.67 1,765 64,000 
2.46 1,620 60,000 
2.87 1,900 69,000 
2.45 1,600 62,000 
182 1,200 50,700 
2.94 1,40 70,600 
05 670 20,000 
1.78 1,190 42,000 
2.95 1,945 72,000 
142 950 34000 
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White Shepard 
White Shepard 
White Cotton 
White Fulton 
White Fulton 
White Cotton 
Fulton White 
Cotton White 
Shepard White 
Cotton Shepard 
White Fulton 
Fulton White 
White Fulton 
Cotton White 
White Cotton 
Shepard Fulton 
Fulton Shepard 
White Shepard 
Shepard Fulton 
Cotton White 
White Cotton 
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Shepard Cotton 


NORTH AMERICAN 


XB-70A VALKYRIE = 


Sub Total Max Values 
Pilot Copilot H M А Flight Mn mph Feet 


66 White Cotton 
66 Fulton Shepard 
66 Shepard Fulton 
66 Fulton Shepard 
66 Cotton White 
66 White Cotton 
66 Fulton White 
66 Shepard Cotton 
66 White Cotton 
66 White Cotton 
66 White Cotton 
66 Shepard Fulton 
66 Fulton Shepard 
66 Fulton Shepard 
Mar 66 Shepard Cotton 
66 White Fulton 
66 White Fulton 
66 Fulton White 
66 White Shepard 
66 Cotton Shepard 
66 Fulton White 
66 Shepard Cotton 
66 Cotton White 
66 Shepard Cotton 
66 Shepard White 
66 Shepard White 
Apr 66 White Fulton 
Apr 66 Cotton White 
Apr 66 Fulton Shepard 
Apr 66 Fulton White 


30 
41 
40 
49 
58 
24 
37 
08 
40 
04 
24 
22 
42 
39 
17 
31 
26 
25 
27 
11 
45 
54 
09 
20 
26 
50 
54 
27 
49 
56 


к 
N 
N 


52 3.05 2,010 72,000 
41 0.94 655 26,000 
40 0.94 655 33,000 
35 1.85 1,220 46,000 
58 0.95 650 27,000 
48 3.06 2,020 72,000 
27 185 1220 47,000 
11 1.44 960 42,000 
49 3.04 2,000 70,800 
06 110 720 32,000 
47 3.04 2,000 73,000 
22 0.92 650 20,000 
42 0:55 395 15000 
27 2.02 1,330 56,000 
19 222 1,450 57,000 
56 2.76 1,820 67,000 
59 2.85 1,880 69,500 
52 2.85 1,880 70,350 
57 2.93 1,930 74,000 
11 0.97 650 32,000 
32 2.71 1,600 64,000 
00 2.42 1,600 60,000 
09 0.4 620 36,000 
41 2.43 1,600 65,000 
51 1.65 1,090 48,000 
10 2.95 1,950 72,000 
09 2.45 1,620 58,800 
57 2.95 1,940 73,000 
01 2.43 1,600 61,000 
05 3.07 2,000 73,000 
49 3.08 2,000 72,800 
03 2.60 1,700 62,500 
01 3.03 2,000 71,000 
12 0.58 415 17,000 
02 2.42 1,600 61,000 
01 2.73 1,800 66,000 
07 2.55 1,680 63,000 
05 2.65 1,760 65,500 
41 1.50 1,010 31,000 
16 0.58 415 16,000 
22 0.66 445 23,000 
16 0.54 390 15,000 
09 2.75 1,800 65,000 
59 3.06 2,000 72,500 
22 1.51 960 26,500 
23 1.68 1,065 42,000 
08 2.53 1,6640 62,000 
02 2.23 1,455 57,000 
05 2.93 1,930 70,000 
00 3.05 2,000 72,000 
13 1.41 940 32,000 
00 210 1,385 60,000 
39 2.52 1,660 60,000 
38 2.51 1,655 61,000 
57 2.52 1,660 60,000 
54 2.55 1,680 60,300 
45 2.53 1,640 60,800 
44 2.58 1,670 60,400 
46 2.57 1,695 61,000 
44 2.56 1,690 60,200 
32 140 930 35,000 
92 140 925 27,000 
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Apr 66 Shepard Cotton 
Apr 66 White Cotton 
Apr 66 Shepard Fulton 
Apr 66 Shepard Fulton 
Apr 66 White Cotton 
Apr 66 Fulton Shepard 
Apr 66 Fulton Cotton 
Apr 66 White Fulton 
Apr 66 White Cotton 
May 66 White Fulton 
May 66 White Fulton 
May 66 White Cotton 
May 66 White Cotton 
May 66 Fulton Cotton 
May 66 Shepard Cotton 
May 66 Shepard Cotton 
May 66 Shepard Fulton 
jun 66 Shepard Cotton 
Jun 66 Shepard Cotton 
Jun 66 White Cross 
Nov 66 Cotton Fulton 
10 Nov 66 Fulton Cotton 
23 Nov 66 Shepard Cotton 
12 Dec 66 Fulton Shepard 
16 Dec 66 Shepard Fulton 
20 Dec 66 Cotton Shepard 
4 Jan 67 Fulton Shepard 
13 Jan 67 Cotton Fulton 
17 Jan 67 Cotton Shepard 
25 Тап 67 Fulton Shepard 
31 Jan 67 Fulton Cotton 
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58 
12 
42 
39 
55 
48 
33 
16 
22 
16 
58 
28 
57 
34 
51 
50 
45 
45 
59 
26 
27 
32 
56 
53 
45 
47 
46 
43 
41 
43 
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0 
2 
3 
0 
0 
0 
0 
1 
0 
3 
0 
2 
2 
1 
1 
0 
0 
0 
0 
2 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
Apr 66 White Cotton 032 
0 
0 
1 
0 
0 
0 
0 
2 
2 
1 
2 
0 
0 
iN 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Fit. Sub 
Fit. Date No. Pilot Copilot H M 


Mach 
2.0-2.5 


Mach Mach 
2.5-2.9 3.0 


Total 
Super 


Total 
Flight 


Max Values 


Mn mph Feet 


107 25 Apr 67 
108 12 May 67 
109 2 Jun 67 
110 22 Jun 67 
11 10 Aug 67 
112 Aug 67 
113 Sep 67 
114 Oct 67 
115 Nov 67 
116 Jan 68 
117 Feb 68 
118 Feb 68 
119 Mar 68 
120 Jun 68 
121 Jun 68 
122 Jul 68 
123 Aug 68 
124 Sep 68 
125 Oct 68 
126 Nov 68 
127 Dec 68 
128 Dec 68 
129 Feb 69 


1-61 
1-62 
1-63 
1-64 
1-65 
1-66 
1-67 
1-68 
1-69 
1-70 
1-71 
1-72 
1-73 
1-74 
1-75 
1-76 
1-77 
1-78 
1-79 
1-80 
1-81 
1-82 
1-83 


07 
17 
41 
57 
29 
33 
40 
28 


Fulton 
Cotton 
Shepard 
Mallick 
Sturmthal 
Mallick 
Sturmthal 
Mallick 
Sturmthal 42 
Mallick b3 


Cotton 1 
2 
it 
0 
2 
0 
0 
0 
0 
0 

Cotton 2 27 
1 
2 
: 
2 
1 
1) 
0 
1 
d 
1 
0 
3 


Fulton 
Cotton 
Fulton 
Cotton 
Fulton 
Cotton 
Fulton 
Cotton 
Fulton 
Mallick 
Fulton 
Cotton 
Mallick 
Sturmthal 
Mallick 
Fulton 
Mallick 
Sturmthal 
Sturmthal 
Fulton 
Fulton 
Fulton 


07 0.43 
17 0.44 
23 1.43 
54 1.83 
29 0.92 
52 2.24 
55 2.30 
39 243 1,605 
56 2.55 1,680 
54 1,685 
43 780 
51 295 
32 310 
11 ? 
39 810 
55 1,070 
1,630 

1,650 

1,440 

1,070 

1,080 

1,670 

625 


310 
315 
945 
1,205 
660 
1,480 
1,515 


17,000 
16,500 
43,000 
54,000 
15,500 
57,700 
61,000 
58,000 
64,000 
67,000 
41,000 
18,500 
15,500 

9,500 
39,400 
42,000 
63,000 
62,800 
52,000 
41,000 
39,400 
63,500 
29,000 


Sturmthal 51 
Fulton 32 
Fulton 11 
Cotton 21 
Fulton 07 
Sturmthal 00 
Fulton 44 
Fulton 02 
Fulton 20 
Mallick 02 
Sturmthal 33 
Sturmthal 17 
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Total Flight Time for both air vehicles: 145 28 55 50 28 
Air Vehicle No. 1 logged 160 hours and 16 minutes during 83 flights 


Air Vehicle No. 2 logged 92 hours and 22 minutes during 46 flights 


Flight Hours By Pilot 


# Flights Sub Mach Mach Mach 


Name 


Mr. Alvin White 


Colonel Joseph Cotton 


Mr. Van Shepard 


Fitzhugh “Fitz” Fulton 


Lt. Colonel Fitzhugh Fulton 


Mr. Fitzhugh Fulton 


Mr. Donald Mallick 


Lt. Colonel Emil Sturmthal 


Major Carl Cross 


Affiliation 


North American Aviation 


United States Air Force 


North American Aviation 


(total of USAF and NASA) 


United States Air Force 


Flight Research Center 


Flight Research Center 


United States Air Force 


United States Air Force 


XB-(0A VAL 


Pilot 


Copilot 


H:M 


1.0-1.9 2.0-2.4 


17:25 


10 42 


7 35 
17 40 


12 00 
10 25 


15 30 
11 34 


59 
14 


31 
20 


33 
3 32 


2.5-2.9 


93 


А PILOT'S PERSPECTIVE 


FLIGHT TEST SUMMARY REPORT 


ir Vehicle (A/V) No. 1 was deliv- 
A ered to the flight test department 

on 10 May 1964. For the next three 
months certain manufacturing items were 
completed, systems received operational 
evaluations, and Phase I proof load tests 
were conducted. North American and Air 
Force inspections were completed on 7 
August 1964. The first three taxi tests were 
conducted on 9, 16, and 24 August, and 
were considered unsatisfactory due to 
hydraulic line failures. Repairs were under- 
taken overnight, and a successful taxi test 
(the fourth) was performed on 25 August. 
Two additional taxi tests (5 and 6) were con- 
ducted on 14 September, and first flight 
occurred on 21 September 1964.' 


The XB-70A represented a significant depar- 
ture in both design and performance from 
other aircraft of its era. One of the frequent 
questions is “how did it fly?” It seems easier 
to let one of the pilots that flew it answer 
that question. It must be remembered that 
the two air vehicles that were built were not 
representative of an operational aircraft — 
many systems were either not installed, not 
thoroughly tested, or were placeholders for 
advanced systems that were cancelled when 
the aircraft were relegated to test vehicles. 
The remainder of this appendix is excerpted 
from North American NA-66-1138, ХВ-70А 
Flight Test Summary Report, Contract 
AF33(657)-12395, prepared in late 1966 but 
never published. A few typographic errors, 
misspellings and the like have been correct- 
ed, and the meaningless (for this use) official 
paragraph numbers have been deleted, but 
otherwise it is taken directly from the report. 


“This section summarizes pilot opinion of 
flying the XB-70A. All comments herein 
were extracted directly from XB-70A 
PILOTS SUMMARY REPORT written by 
Mr. A. S. White, Chief Test Pilot. Detailed 
PILOT FLIGHT REPORTS may be found in 
the North American FLIGHT TEST 
MONTHLY PROGRESS REPORTS, NA-66- 
360-1 through МА-66-360-23. 


Summary: The XB-70A has proven itself to 
be a very remarkable airplane. It has accom- 
plished every milestone that was set down 
for it. No aerodynamic changes were 
required in order to achieve the objectives 
but in spite of its tremendous performance, 
the XB-70A is an unfinished airplane. It was 
operated in a completely new speed and alti- 
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tude range, but with off-the-shelf navigation 
equipment and flight instrumentation that 
were obsolete for this type of flight opera- 
tion. This pilot believes that with normal 
development, including some aerodynamic 
refinement, some system changes, and better 
instruments navigational equipment, this 
would be a truly outstanding airplane. 


General: In reading this pilot's summary 
report, consideration should be given to the 
fact that the combination of this airplane's 
size, weight, and speed ranges compares to 
no other airplane in existence; and that the 
program was primarily a research program 
with ground rules that allowed only those 
changes which were necessary to safely 
accomplish the test objectives. In the normal 
sequence of development to an operational 
airplane, many of the opinions and recom- 
mendations expressed herein would have 
been made after the initial airworthiness 
flights. They are presented now, for the 
record, and for consideration if improve- 
ments can be made for follow-on programs. 


In general terms the XB-70A vas an interest- 
ing airplane to fly. It had some peculiarities 
due to size, weight, and configuration that 
were different from most other airplanes. 
The movable tips introduced some new 
characteristics in the airplane that had not 
been experienced before, such as the wide 
variation in directional stability, roll power, 
and dihedral effect. 


The airplane had a tremendous perfor- 
mance capability and was a thrill to fly from 
that standpoint, but this capability com- 
bined with the fact that the airplane was 
climbed and cruised very near the bound- 
ary of the allowable flight envelope quicker 
and easier than any other airplane this pilot 
has flown. The duct pressure limits and the 
low allowable “g” aggravated the recovery. 
All this adds to the pressure on the pilot by 
requiring greater concentration on his part. 
This was acceptable in a research program 
of this nature, but would certainly not be 
acceptable in an operational vehicle. The 
potential for a great airplane is here but 
some refinements are required. More specif- 
ically, the pilot's opinions and recommen- 
dations are as follows: 


Ground Handling Oualities: Taxiing the air- 
plane was not a difficult operation. Turns 
from one narrow taxiway to another narrow 
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taxiway was made with acceptable accura- 
cy. However, parking the airplane in a pre- 
cise location was difficult because of the 
restricted visibility, configuration of the air- 
plane, and lack of repeatability of the nose- 
wheel steering system, i.e., the nosewheel 
steering rate varied with the load on the 
nose gear so that full rudder pedal applica- 
tion did not consistently give the same turn- 
ing rate. Ground observers were required 
for parking, but their inputs were some- 
times valueless due to the steering system’s 
inability to follow their directions. Cooper 
Rating of 3.5 


Originally the braking system was unsatis- 
factory at very low speeds, but with devel- 
opment, the system became marginally sat- 
isfactory. The airplane could be stopped 
without brake chatter as long as the pilot 
anticipated far enough in advance to be able 
to apply very light braking to make the 
stop. If an abrupt stop was required at low 
speeds, heavy brake chatter occurred. Coop- 
er Rating 4.5 


Low Speed In-Flight Handling Qualities: 
The pitch control in low speed flight regime 
was very good. Some lack in airplane 
response could be detected during abrupt 
pitch maneuvers; however, the response was 
satisfactory in all of the normal maneuvers 
used in flying the airplane. The long period 
of the short-period oscillation was different 
from most other airplanes, but did not cause 
difficulty in controlling the airplane. The 
damping in pitch was good in the subsonic 
flight regime. Cooper Rating of 2.5 


The main difficulty in flying the XB-70A 
was caused by a combination of characteris- 
tics in the lateral-directional sense. These 
characteristics were: First, that the period of 
the short-period oscillation was very long 
as compared to most other airplanes, sec- 
ondly, the side force per degree of sideslip 
was low in this airplane. This combination 
made it difficult for the pilot to sense inad- 
vertent sideslips. In addition to those char- 
acteristics, the airplane had a marked posi- 
tive dihedral effect (particularly A/V2) and 
it had excessive adverse yaw due to 
ailerons. Considering these four characteris- 
tics together, if an inadvertent sideslip 
occurred without the pilot’s knowledge 
(busy with other system’s operation), the 
airplane rolled due to the dihedral effect. 
Instinctive reaction of the pilot was to coun- 


teract the roll with aileron; however, the 
aileron input increased the sideslip 
because of the high adverse yaw due to 
aileron This increased sideslip caused 
more roll away from the aileron input and 
aggravated the situation. The solution was 
that the pilot had to fly the sideslip or yaw 
indicator religiously throughout the flight 
regime. This general characteristic of the 
XB-70A was most predominant with the 
wing tips up. Cooper Rating of 4.5 


Placing the wingtips in the one-half posi- 
tion reduced the tendency for the situa- 
tion explained in the previous paragraph, 
because lowering the wingtips reduced 
the roll power by approximately 50%, 
therefore reducing yaw due to aileron. In 
addition, the tips down configuration 
reduced the positive dihedral effect. Coop- 
er Rating of 4.0 


The longitudinal trim system was very 
good. Cooper Rating of 2.0 


The lateral trim system was also very 
good, except that the primary lateral trim 
control was difficult to operate with a high 
degree of accuracy when the pilot was 
wearing heavy gloves. Cooper Rating of 3.0 


The directional trim system was very good 
after the gear had been retracted. It was too 
sensitive with the gear down, which 
caused the pilot to over control when 
attempting to trim out directionally. Occa- 
sionally some difficulty was encountered 
when engaging the nosewheel steering sys- 
tem due to the inability of finding the neu- 
tral directional trim position. 


For instance, the pilot would trim out direc- 
tionally prior to putting the gear down; 
however, the trim system would not be 
exactly centered at this time. When the gear 
was lowered, this minor out-of-trim condi- 
tion was amplified by a ratio of four to one. 
Due to turbulence and low speed flight 
characteristics, this out-of-trim condition 
would go undetected until after landing 
when the rudders were released and the 
nosewheel steering engaged which resulted 
in an abrupt transient in the steering sys- 
tem. It was recommended that considera- 
tion e given to reducing the directional trim 
rate and incorporating a rudder position 
indicator. Cooper Rating of 3.0 


The compatibility of the roll and pitch 
force gradients was satisfactory; however, 
due to the large differences in the moments 
of inertia, the airplane responded much 
quicker in roll than in pitch or yaw. This 
was not considered to be a discrepancy 
against the airplane, but a characteristic of 


HANDLING QUALITIES RATING SCALE 


ADEQUACY FOR SELECTED TASK 
OR REQUIRED OPERATION* 


Excellent 
Highly desireable 


Good 
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Pilot decisions 
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4 ~ Deficiencies 


Control will be lost during some portion of 
required operation 


The Cooper-Harper scale is a standard method of measuring the pilot workload 
of an aircraft. A low score is good; a high score is bad. For the most part AI 
White rated the aircraft towards the low end of the scale. Given that it was a 
prototype vehicle, this is a tribute to its basic design. If the aircraft would have 
entered production, it would have been improved. (NASA) 


a very long and narrow configuration. It 
required some getting use to by the pilots 
in order not to over control in roll, particu- 
larly with the tips up. À change should not 
be made in the response characteristics, 
but something should.be done to reduce 
the adverse yaw due to ailerons. This 
would eliminate the primary objectionable 
characteristics in the airplane. If the pilots 
were not concerned about generating yaw 
with aileron inputs, the fighter-like roll 
response would not be objectionable. Con- 
trol force compatibility Cooper Rating of 3.0 


The trim change while operating the land- 
ing gear was negligible. The trim change 
while operating the wing tips was small 
and occurred at such a slow rate that it was 
hardly noticeable to the pilot since he took 
care of it in the normal trimming of the air- 
plane. The trim change due to operation of 
the flaps was large, but easily manageable 
with the trim system. Although the trim 
system did take care of the trim change, 
when the flaps were lowered the control 
column moved very near the forward end 
of its travel leaving very little usable down 
elevon for maneuvering, go-around, or fly- 
ing in turbulent air. This could be extreme- 
ly hazardous in the instance where the CG 
was farther aft than normal. 
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It was recommended that a design change 
be made whereby more down elevon con- 
trol would be available with flaps down. 


The airplane had moderate buffet at low 
speeds with the gear and flaps down. 
There was a minor change in the buffet 
level as the gear and flaps were raised. 
Some buffet persisted and a high aerody- 
namic noise level existed until the airplane 
accelerated to 0.87 Mn or above, at which 
time the buffet completely disappeared 
and the noise was reduced to at least half 
of the low-speed level. 


High Speed In-Flight Handling Qualities: 
Pitch control during the transonic accelera- 
tion and low supersonic speed ranges was 
very good. Above Mach 2.0 it became evi- 
dent that there was some deterioration in 
the effectiveness of the pitch control. At 
speeds above 2.5 Mn, the force level 
required to maneuver the airplane was 
excessive due to this deterioration and due 
to the action of the “g” bellows. Cooper Rat- 
ing of 3.5 


The directional control was adequate to 
take care of three engines out on one side, 
but was much less effective in producing 
yaw than were the ailerons. Considering the 
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A TB-58A flies chase оп A/V-2. The В-58 did not make a great chase aircraft 
since visibility was somewhat limited and maintenance expenses were high. 
However, it was one of the few Mach 2 aircraft that could stay airborne for any 
length of time in the days before aerial refueling was commonly used to support 
flight test programs. (Rockwell via the Jay Miller Collection) 


capability of the rudders alone, they were 
considered adequate. Cooper Rate of 3.0. 
However, the powerful capability of the 
ailerons in producing yaw was considered 
the most objectionable characteristic in the 
airplane. Cooper Rating of 4.5 


The roll response of the airplane in the 
supersonic flight regime was good. The roll 
response did not seem to deteriorate at the 
same rate as pitch response, and therefore 
there was less compatibility in the response 
of the airplane between Mach 2.0 and 2.7 
than in other areas. As the airplane 
approached Mach 3, the roll response deteri- 
orated and the yaw due to aileron input was 
reduced; therefore the handling qualities of 
the airplane in roll were better at Mach 3 
than at any other supersonic speed. Cooper 
Rating for the roll control system was 3.5 


Although there were minor differences in 
the flight characteristics between Mach 1.4 
and Mach 3 with all augmentation off, the 
general characteristics were the same. The 
short-period oscillations in pitch and yaw 
were 4 to 6 seconds in length and the 
damping in pitch and yaw was relatively 
poor. The airplane could be flown at all 
speeds with the augmentation off, except 
that extreme care had to be used in the use 
of ailerons because of the strong tendency 
to excite lateral-directions oscillations with 
the ailerons. This was due to a high roll 
rate in the unaugmented case and because 
of the excessive level of yaw due to 
ailerons. When the pilots left the ailerons 
alone, the yawing oscillations would 
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damp. Unaugmented supersonic flight Cooper 
Rating of 5.0 


In-Flight Visibility: The visibility with the 
windshield down was satisfactory. 
Although some forward visibility was lost 
alter the rotation at takeoff and during the 
initial part of the climbout, the remainder of 
the subsonic flight was satisfactory. The vis- 
ibility for landing was considered good. At 
no time was the pilot aware of any loss of 
the runway visibility during approach, 
flare, and touchdown: Cooper Rating of 3.0 


Visibility with the windshield in the up 
position was unsatisfactory. The pilot can- 
not see the horizon ahead and must make 
the flight almost entirely with reference to 
the pitch attitude indicating system and the 
poor quality of the heading information 
precise heading, climb schedule, and alti- 
tude flying were extremely difficult. In 
addition images of light-colored ground 
such as snow and sandy desert areas reflect- 
ed badly in the windshield during turns, at 
times causing vertigo. Cooper Rating of 5.0 


In-Flight Unstarts: The inadvertent inlet 


-unstarts encountered in the flight test pro- 


gram varied in intensity from mild to 
severe. They were breathtaking to say the 
least. In the case of a severe unstart, it jarred 
the airplane rather violently and was fol- 
lowed by heavy buffeting, intense aerody- 
namic noise, and minor trim changes. At 
Mach 3, the primary trim change was in 
roll, but usually did not persist since the 
other inlet would normally unstart within a 
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few seconds. If the inlet system did not 
effect an immediate restart, the inlet would 
go into buzz. The buzz cycle was immedi- 
ately recognizable to the pilot since it was 
almost purely a lateral oscillation at about 
the natural frequency of the fuselage. If it 
was not corrected, it built up in intensity to 
a very disturbing, if not destructive magni- 
tude. In spite of the severity of the tran- 
sients caused by inlet unstarts airplane con- 
trol was considered good. 


Landing: The X-70 was not a difficult air- 
plane to land. Some care had to be used due 
to the distance between the pilot and the 
main gear and due to the crew station 
height above the main gear at touchdown. 
Because of these dimensions, it was easy to 
undershoot the runway. After some prac- 
tice, all pilots were able to make satisfactory 
landings without external assistance from 
chase aircraft. 


The wing of the XB-70A experienced a 
strong ground effect in the proximity of the 
runway which helped considerably in mak- 
ing relatively smooth landings. The secret to 
a good landing, like in most airplanes, was 
a good stabilized approach using a rather 
low rate of descent (2 to 3 degrees glide 
scope). 


Cross wind landings in the XB-70A were 
not as difficult as was predicted. The rela- 
tively shallow bank angle per degree of 
sideslip made the wing-down technique 
rather easy to use with the XB-70. 


Landing in turbulent air required additional 
pilot concentration, primarily due to previ- 
ously mentioned relationship between inad- 
vertent sideslip, dihedral effect, and yaw 
due to ailerons. The pilot was required to 
watch the yaw indicator very closely in 
making an approach so as not to get into 
this inadvertent sideslip condition close to 
the ground. Cooper Rating was 3.5 


Escape Capsule: The pressure seals in the 
capsule doors were torn loose many times 
when the pilots entered the capsules. Enter- 
ing the capsule, particularly when wearing 
the pressure suit, was very difficult due to 
the lack of space. The seals should be 
guarded so that they are not damaged in 
this way. 


The original installation of the capsule 
handgrip seat pins included a lanyard and a 
take-up reel which were installed behind 
the pilot’s shoulder. A large percentage of 
the time the take-up reel did not operate; 
and when it did operate, the pin was 
extremely hard to reach to reinstall after 
flight. A temporary fix was made by cutting 


the lanyard, thereby eliminating the take-up 
reel. This worked satisfactorily, except for 
the minor inconvenience of not having a 
place to stow the pin. 


The emergency parachute and riser cutter 
handles and the hinge split handle were dif- 
ficult to see when encapsuled. When the 
pilot raised his head to see the handles with 
his helmet on, he had to raise his helmet 
with his hand in order to see past the bow 
of the helmet. This was particularly true 
when the pilot was wearing a pressure suit 
and was aggravated under the dynamic 
conditions encountered after ejection. 


The pressurization and capsule oxygen 
gages were particularly hard to see once in 
the capsule. The safety belt was almost 
impossible to adjust after it had been fas- 
tened. The seal deflate button was very dif- 
ficult to actuate due to its location when the 
pilot was wearing a pressure suit. 


The hot mike interphone capability during 
encapsulation was operable only after the 
capsule doors were closed. It appears wise, 
after the experience of the recent ejection, at 
the hot mike be actuated in another way in 
addition to the door closure. It should be 
connected to the handgrips so that when 
encapsulation is made, the hot mike inter- 
phone is available even if the doors are not 
closed. [ this refers to the fact that the micro- 
phone was not hot while Carl Cross was try- 
ing to eject, so no record of what happened 
was available to the crash investigators ] 


The manual impact attenuator inflation 
device was extremely difficult to get to 
while encapsulated. It was recommended 
that some thought be given to relocating 
this device between the pilot's knees for 
easier access. 


The Secondary Nozzle Rheostat: This rheo- 
stat is in a poor location considering the 


number of times it was used during flight. 
It would be desirable to move it forward in 
the area near the oxygen and visor heater 
switches. 


Hydraulic Pump Status Indicators: The 
hydraulic pump status indicators became 
almost useless in view of the number of 
times the pump status indicators showed 
yellow with the pumps operating properly. 


Nosewheel Steering System: The nosewheel 
steering engage button ideally should be 
mounted on the control wheel. Originally 
this was not done because of lack of space 
on the wheel. The pilots believed that the 


augmentation disengage switch should have 
the priority location on the wheel. The expe- 
rience gained in the flight test program indi- 
cates that it would be satisfactory to move 
the augmentation disengage switch to the 
same area as the augmentation engage but- 
ton on the console and put the nosewheel 
steering engage switch on the control wheel. 


TACAN: The TACAN instrumentation on 
the XB-70A was only marginally satisfacto- 
ry. Early in the program the pilots were 
requested to list the minimum equipment 
with which they could accomplish the mis- 
sion, and one TACAN was suggested for 
navigation. Experience has now shown that 
without radar tracking and the occasional 
assistance of the FAA centers, some of the 
missions would have been extremely diffi- 
cult to complete satisfactory due to the 
quality of this equipment and installation. 


Attitude and Heading Information: The 
attitude and heading information were 
marginally satisfactory. This added to the 
pilots difficulty in navigating the airplane. 
In view of the above two conditions, it was 
highly desirable to have a more reliable 
navigation system. An inertial platform 
was highly recommended. 


AICS Controls: The AICS controls were satis- 
factory for the development stages, although 
the controls in A/V1 were minimally satis- 
factory. It was highly recommended that this 
system be reviewed for future use. 


Flaps: The flap system was marginally sat- 
isfactory. Because of a design problem, the 
flaps were to be raised for the taxi and 
lowered just prior to takeoff in order to 
ensure that they would retract in flight. 
Occasionally they would not extend for 
landing, and occasionally they would not 
retract after landing. The result was that 
the pilots lost confidence in the flap sys- 
tem. It was recommended that a design 
change be made to eliminate the necessity 
of the intricate procedure that was 
required to operate the flap system. 


Map Case: The map case was almost inac- 
cessible to the pilots. In most cases the 
pilot had to get out of his seat to get the 
equipment from the map case. Although 
the map case was of little use to the pilots, 
it was the only place in the cockpit that 
extra material could be stored. Check lists 
and pilots data cards had to be strapped to 
the pilots legs to be of any use. Some con- 
sideration should be given to a more con- 
venient stowage space for let-down charts, 
handbook, and additional maps, particu- 
larly if this airplane is to be used for cross- 
country work in the future. 


Wingtip-Selector Switch: If the flaps are 
lowered for landing prior to raising the 
wingtips to the up position, it would be 
possible to lose control of the airplane. It 
was recommended that a safety device be 
installed to prevent lowering the flaps when 
the tips were not in the up position. 


In order to suppress some noise during engine runups, North American built a 
set of “mufflers” that could be attached to the rear of the aircraft, covering three 
193 exhausts at a time. The muffler can be seen in the background at right. This 
is A/V-2 taxing at Edwards. (AFFTC History Office Collection) 


' North American Report NA-66-1138, XB-70A Flight Test Summary report, Contract AF33(657)-12395, prepared in late 1966 but never published, p. 1-5. 


NORTE AMERICAN 


XB-00À VALKYRIE 


97 


ALKYÉBORANE 


ince the creation of the internal com- 
S bustion engine, hydrocarbons had 

‘been the chosen fuels because of 
cost, availability, and convenient physical 
properties. The search more efficient fuels 
found the improvement potential of exist- 
ing hydrocarbons exhausted - or apparent- 
ly so. But adapting piston power plants to 
use something other than hydrocarbon 
fuels was judged to be too difficult. The jet 
engine, however, seemed to offer new pos- 
sibilities. 


After preliminary investigations by several 
companies, the use of high energy fuels 
(HEF) in air-breathing turbojets seemed a 
likely possibility. Numerous special fuels 
were considered. Metal slurries — particu- 
larly magnesium — and liquid hydrogen 
received some attention, but alkylborane 
fuels* were believed to have the greatest 
promise. Weighing approximately the same 
as conventional fuels and occupying about 
the same volume, the boron-based fuels 
were expected to produce 40 percent more 
energy than JP-4. It appeared that alkylbo- 
rane products could serve as the only pro- 
pellant or as additives to standard fuels. 
Their use could also be limited to only the 
afterburner (considered the easiest immedi- 
ate implementation) or they could be used 
in the primary combustor, although this 
approach would take a complete reevalua- 
tion of the hot-section of the engine. 


The high energy fuels promised a 16-per- 
cent range improvement over an all-JP-4 
mission when the new fuels were used only 
in the afterburners. With engines using 
boron fuels in both the primary combustor 
and afterburner, a range improvement of 30 
percent seemed feasible. 


Despite the seemingly promising prelimi- 
nary studies, in mid-1955 the WADC did 
not have a specific program directed toward 
using high energy fuels in the primary com- 
bustor. The Power Plant Laboratory had 
conducted some experiments using boron 
fuels in representative afterburners, but a 
lack of sufficient quantities of the fuels for 
useful testing led the laboratory to abandon 
the trials. Only General Electric gave any 
indication of serious interest in high energy 
fuel afterburner development; Pratt & Whit- 
ney stated that it had no interest in alkylbo- 
rane fuels until more of the problem areas 
were defined and resolved. 
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The confusing definition of the WS-110A 
and WS-125A systems had led to a "strong 
requirement" for some sort of range exten- 
sion, and boron fuels seemed to offer a rela- 
tively easy solution. Although they would 
require a largely new infrastructure, includ- 
ing a dedicated tanker fleet, they would 
allow the new bombers to conduct their 
final refueling well outside Soviet airspace, 
and require fewer tankers for each mission. 
On the surface, it seemed so simple. 


It wasn't. During the early 1950s, nobody 
had the capability to produce the alkylbo- 
rane fuels in large quantity. The WADC 
observed that the development of a HEF 
engine depended on a successful develop- 
ment of an alkylborane fuel production 
infrastructure. A small pilot plant was 
under construction and would be produc- 
ing 0.8 tons per day by mid-1957, with pro- 
duction rising to 25 tons per day over the 
next two years. Facilities needed $8 million 
in FY56, with an additional $12 million 
required for each of the three succeeding 
years. To purchase high energy fuels from 
these plants the WADC asked for $3.9 mil- 
lion and $7.8 million in FY56 and FY57, 
respectively.’ 


The WADC predicted that adequate fuel 
production could lead to development of a 
qualified afterburner in three years. Howev- 
er, it was pointed out that there was no bud- 
getary provision to apply high energy fuels 
to an engine for a particular program, such 
as WS-110A or WS-125A. 


This new military interest in boron fuels 
spurred development in a relatively 
unknown field since boron chemistry was 
very complex and differed considerably 
from other fields of chemistry. General Elec- 
tric was one of the first companies to con- 
duct an investigation of boron compounds 
as special fuels, beginning in the mid-1940s. 
About the same time, the Navy Bureau of 
Aeronautics also began studying boron 
hydrides. It was not until 1952, however, 
that Bureau of Aeronautics launched a 
boron fuel program — Project ZIP" conducted 
by the Callery Chemical Corporation and 
the Olin Mathieson Chemical Corporation. 
Callery began producing small amounts of 
а alkylborane - called ethyldecaborane — in 
November 1953. Meanwhile, GE was con- 
tinuing its research as a subcontractor to 
Olin Mathieson. 


WARBIRDTECH 


The Air Force awarded a $178,000 contract 
(AF33(616)-2961) to General Electric for a 
small-scale fuel evaluation known as Project 
DASH to determine the thermodynamic 
characteristics of boron oxide exhaust prod- 
ucts. The first major effort to extrapolate 
these small-scale laboratory studies to an 
actual engine was Project ZOOM conducted 
by General Electric under contract 
AF33(616)-3367. This project included mod- 
ifying a J79-type afterburner to run on 
either JP-4 or HEF-3 during ground tests. A 
limited number of flight tests were also con- 
ducted using a modified J57 afterburner in 
a McDonnell F-101 Voodoo. 


Although General Electric’s early research 
was somewhat hampered by a lack of fuel, 
by the end of 1957 they had concluded that 
the use of high energy fuel in the afterburner 
of an engine was feasible. This early work 
accomplished considerable advances in use- 
ful materials, definition of design problem 
areas, fuel properties, and new data on 
exhaust products and thermodynamics. 


The tactical and strategic values of the new 
fuels were apparent, but such serious prob- 
lems as the production of fuels, predicted 
handling difficulties, and high production 
costs impeded their utilization. Basic 
research also revealed that one of the most 
critical problems in burning boron fuels was 
the formation of boron oxide' deposits that 
proved to be an excellent flux for certain 
metal oxides, limiting the construction 
materials that could be used. The solid and 
liquid exhaust products, however, could be 
quite deleterious to the working compo- 
nents of high performance engines and 
could greatly reduce operating efficiency 
and longevity. 


In March 1957 the WADC presented a high 
energy fuel evaluation program to Air Force 
Headquarters. This plan emphasized the 
development of a turbojet with an after- 
burner that used the new fuel. Significantly, 
the program was oriented around require- 
ments to support WS-110A. The WADC 
expected to create a qualified afterburner in 
1962 and a main combustor in 1963. Air 


* Lockheed spent considerable time on the development 
of a hydrogen-powered aircraft under Project SUNTAN. 

t The eventual boron-based high energy fuels included: 
НЕЕ-1, ethyldiborane; НЕЕ-2, propylpentaborane; HEF-3, 
ethyldecaborane; HEF-4, methyldecaborane; HEF-5, ethyl- 
acetylenedecaborane. 


Force Headquarters accepted this program, 
although its response stressed that the 
application of high energy fuel to a particu- 
lar weapon system engine (even for the 
WS-110A) was not a requirement.* 


Soon after North American became the 
weapon system contractor in late 1957, the 
B-70 Project Office reiterated its belief that 
HEF-3 was the most economical method to 
achieve the desired 15-percent range 
increase over an all JP-4 mission. Largely to 
satisfy these problems, GOR 82 was revised 
on 7 March 1958 to include a study of “all 
methods of range extension" to achieve an 
unrefueled range of 11,000 nm? The tenta- 
tive operational concept alluded to the use 
of "high energy fuels" at a time (May 1958) 
when their was no formal development 
program in place for such an engine. One 
problem was that the higher temperatures 
created by the fuels further complicated the 
development of materials for use in after- 
burner and nozzle fabrication. Surprisingly, 
high energy fuel never became a specific 
requirement for the B-70 program, although 
the use of HEF-3 in the afterburner and the 
resultant dual-fuel capability to handle JP-4 
and HEF-3 did become an integral part of 
the early B-70 design. 


On 28 May 1958 the ARDC asked for 
authority to pursue the development of a 
high energy fuel afterburner for the J93 
engine. Air Force Headquarters agreed on 
10 June that the new fuel was potentially 
the best method of significant range 
improvement and directed that the basic B- 
70 airframe would incorporate, to the maxi- 
mum degree feasible, the necessary provi- 
sions for using an engine capable of using 
the new fuel. On 12 February 1959 General 
Electric was authorized to begin develop- 
ment of the J93-GE-5 engine with the same 
basic airflow and speed characteristics as 
the -3, but equipped with an afterburner 
capable of burning either JP-4 or HEF-3.° 


The development of new alloys or resistant 
coatings was imperative. The Materials Lab- 
oratory at the WADC, the NASA Lewis 
Research Center, General Electric, Pratt & 
Whitney, Marquardt, Curtiss-Wright, the 
Navy's Bureau of Aeronautics, Johns Hop- 
kins University, the International Nickel 
Company, Fairchild, Allison, Reaction 
Motors, Firth Sterling, Incorporated, and 
two divisions of the Union Carbide Corpo- 
ration (the Haynes Stellite Company and 
the Linde Company) held numerous meet- 


* This led to HEF becoming known as "zip fuels" in most 
later literature; however, the term was seldom used at the 
time and almost never in official writings. 

% Boron oxide was a viscous liquid, melting at about 900 
degF, and fluid to temperatures over 3,000 degF. 


ings in 1958 to solve this fundamental prob- 
lem. The results of these consultations indi- 
cated that an alloy could probably be devel- 
oped for unstressed engine components 
operating at temperatures up to 2,300 degF, 
and a silicon bearing or silicate refractory 
coating for temperatures over 2,300 degF? 


These inquiries also established that most 
metallic materials had little effect upon 
HEF-3, although some lead and copper 
alloys could catalyze fuel decomposition. 
The fuel's effects on metallic materials pre- 
sented no problems, but nonmetallic mate- 
rials — particularly elastomers — were anoth- 
er question. Perhaps even more disturbing, 
HEF-3 was ten times as toxic as cyanide, 
necessitating the development of special 
handling and storage techniques. This toxic- 
ity also raised questions regarding the fuel's 
use by operational military units, but it was 
expected that methods could be found to 
mitigate the hazard. The low spontaneous 
ignition temperature required a nitrogen 
atmosphere in all ullage areas of the fuel 
tanks, as well as a nitrogen purge of all 
empty fuel tanks and lines. 


The heating value of the HEF-3 fuel was 
more than 25,000 BTUs per pound, com- 
pared to the 18,000 of JP-4 and a bit over 
26,000 BTUs for HEF-4. The spontaneous 
ignition temperature of the high energy 
fuel was about 2,600 degF, against 4,550 for 
JP-4, explaining the necessity for fuel sys- 
tem purging. 


The HEF-3 fuel tended to solidify after a 
time at high temperatures, and the presence 
of moisture and oxygen accelerated this 
decomposition; however, bulk fuel in air- 
frame tanks would probably not reach tem- 
peratures high enough for thermal decom- 
position to become a problem. Little addi- 
tional thermal decomposition would occur 
when the fuel passed through high temper- 
ature zones in the fuel system, but residual 
fuel that remained in tanks or stood idle in 
fuel systems could easily reach solidifica- 
tion temperature in a short time. In flight 
flushing of tanks, pumps, and fuel systems 
with JP-4 was a possible answer, requiring 
that the two fuels be compatible. 


While petroleum fuels required relatively 
simple refining operations, crude boron 
mixtures had first to be manufactured from 
basic chemicals before they could be 
refined. These extra steps imposed a sub- 
stantial cost penalty on production of high 
energy fuels, and the additional electric 
power required further increased costs. One 
estimate held that a 10 tons-per-day pro- 
duction facility to support one B-70 wing 
with HEF-3 would cost $35 million to build. 
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By the time the B-70 became operational, 
high energy fuel production costs per 
pound could be reduced to $1.50 or so, still 
very much higher than JP-4 at $0.02 per 
pound (about ten cents a gallon). However, 
in terms of performance gains, the new 
fuels could be justified.* 


Several companies carried on high energy 
fuel research. This plural contracting broad- 
ened the investigation but impeded the 
focusing of research on problems most per- 
tinent to WS-110A. In order to provide bet- 
ter guidance, the "HEF Guidance Commit- 
tee" was formed in September 1958 with 
members from the WADC, ARDC, Olin 
Mathieson, General Electric, North Ameri- 
can, and NASA. 


On 12 February 1959 Richard E, Homer, 
Assistant Secretary of the Air Force for 
Research and Development, called for a 
change in special-fuel priorities from the B- 
70 to the Bomarc missile. Suggesting that 
there was an "apparent need" to study fur- 
ther the application of high energy fuel to 
the B-70, Homer recommended a delay in 
the construction of additional fuel produc- 
tion facilities.’ 


SAC's reaction to this recommendation 
was emphatic. General Power urged on 25 
March 1959 that no action be taken to 
divert high energy fuel priorities pending 
the completion of studies his command 
was making on the subject. He commented 
that it would certainly be unwise to inter- 
rupt the program at the very time it was 
gaining momentum from developmental 
successes. General Power also averred that 
the use of high energy or JP-4 in the B-70 
engine afterburner had always been a basic 
design criterion.” 


General S. E. Anderson, Commander of the 
Air Materiel Command, strongly seconded 
this position on 1 May 1959, when he called 
upon the Air Force Chief of Staff for a firm 
commitment concerning the use of high 
energy fuels over the next seven years. Gen- 
eral Anderson pointed out that a five tons- 
per-day production facility would be opera- 
tive by July 1959, but this plant could not 
supply the needs of operational B-70 
bombers. Furthermore, the fuel produced 
would be the interim HEF-3. HEF-4, suit- 
able for use in both afterburner and main 
engine, was being produced only in pilot- 
plant quantities. General Anderson antici- 
pated that production costs could eventual- 
ly drop to $1 per pound for full-scale pro- 
duction. He called for an immediate deci- 
sion on firm high energy fuel requirements 
to provide “maximum flexibility and over- 
all economy. " 
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The J93-GE-5 did not look any different from the —3 engine but was equipped to 
burn HEF-3 in the afterburner. (General Electric Aircraft Engines) 


In contrast to Secretary Horner's recommen- 
dation, the B-70 Project Office on 24 February 
1959 urged the Strategic Air Command to 
make a “realistic evaluation" of the B-70’s 
operational advantages with high energy 
fuel, since the Air Force program would soon 
come to the point where further direction 
was necessary. The Project Office reminded 
SAC that budgeting for high energy fuel pro- 
duction facilities had to be accomplished no 
later than FY60 so that engineering and con- 
struction could begin by January 1961. Only 
in this fashion could special-fuel production 
meet the needs of the first inventory vehi- 
cles. The Project Office underscored the 
interrelationship of timely fuel production 
and a successful high energy fuel engine pro- 
gram, noting that the latter was, in February 
1958, ahead of schedule." 


А continuing lag in high-level decisions on 
the fuel program led the Air Materiel Com- 
mand at the end of April 1959 to notify 
North American of a six month slippage in 
the J93-GE-5 engine program. By this time 
North American had already converted the 
second weapons bay into extra fuel tankage 
to enable the early B-70s to meet their range 
requirement using the new JP-6 fuel then 
being produced." 


After studying feasibility and cost data, in 
late May SAC recommended that first allo- 
cations of high energy fuel should aim at 
qualification of the J93-GE-5 engine, that 
the first B-70 operational wing should have 
the —5 (rather than the —3) engine to pre- 
vent costly future modifications, and that 
high energy fuel - though its cost was 
competitive - should not exclude other 
means of range extension. Noting that the 
B-70 should exceed minimum range 
requirements even with the new JP-6, SAC 
emphasized that the new fuel would allow 
greater target coverage, heavier payloads, 
better penetration routes, a choice of recov- 
ery bases, and more adequate landing 
reserves." 


These advantages would accrue despite 
1,620 pounds added to the total weight of 
the aircraft. When both engine sections 
used JP-6, this weight penalty would result 
in only a 75 mile range degradation. More- 
over, properly metered high energy fuel 
flow rates would provide the same exhaust 
gas temperature as with JP-6. In the dual- 
fuel configuration, high energy fuels 
would require between 30 and 40 percent 
of the total fuel capacity. Finally, the two 
type of fuel would have separate sequenc- 


ing, pressurization, and venting systems 
which could be integrated - as desired 
-for all-JP-6 missions.” 


During 1958 “immeasurable gains” marked 
the solution of practical and technical prob- 
lems related to the production of high ener- 
gy fuels. The feasibility of producing high 
energy fuels consistently and on a large 
scale was also definitely established. 


On 8 July 1959 the ARDC, AMC, and SAC 
made a joint presentation on high energy 
fuels to the Air Force Weapons Board. The 
board chairman, Colonel J. C. Jennison, 
recommended a continued authorization 
of |93-СЕ-5 engine development, inclusion 
in the FY61 budget of funds for the first 10- 
tons-per-day fuel facility, an allocation of 
$3.75 million for an all-HEF engine devel- 
opment feasibility study in FY60, and the 
provision of $27.6 million in FY60 for fuel 
purchases to support the current engine 
developmental program. There were no rec- 
ommendations, however, to commit the 
B-70 to high energy fuels." 


On 16 July 1959 Air Force Headquarters 
authorized purchases of the new fuels in 
FY60, but on 10 August the Pentagon unex- 
pectedly drastically reduced the over-all 
scope of the high energy fuel endeavor and 
cancelled the J93-GE-5 engine program. The 
motives were somewhat unclear, but 
included a general lack of interest, fiscal 
constraints, and environmental concerns. 


Cancellation of the —5 engine definitely lim- 
ited B-70 planning to an engine using only 
JP-type fuels, and this restriction in turn 
forced North American to embark upon a 
redesign of the B-70's fuel system. People 
that actually witnessed the tests of the 
boron-burning J93-GE-5 seem to remember 
the exhaust the most. Apparently the high 
energy fuel burned very black, pouring a 
steady stream of smoke from the afterburn- 
er. The fuel also resulted in potentially wor- 
risome borate deposits on the walls of the 
afterburner and exhaust nozzle.” 


‘Memorandum, E. A. Wolfe, Chief of Plans, Power Plant Laboratory, to Director of Weapon System Operations, WADC, Subject: Review of Strategic Bomber Capabilities, 27 June 1955; 
Memorandum, Chief of the Power Plant Laboratory, to Director of Weapon System Operations, WADC, Subject: Work Statement for Design Competition for Chemically-Powered 
Strategic Bomber System 110A, 6 June 1955. * Directive, Lieutenant Colonel D. F. Good, Chief 110A WSPO, to Chief, Propulsion Laboratory, WADC, Subject: High Energy Fuel Develop- 
ment Program, 21 April 1955; Directive, M. P. Dunnam, Chief, Fuel and Oil Branch, Propulsion Laboratory, to Chief 110A WSPO, WADC, Subject: High Energy Fuel Development Pro- 
gram, 16 may 1955. In the files of the AFMC History Office. ? Directive, D. M. Ross Chief Operations Office, Propulsion Laboratory, WADC, to Chief 110A WSPO, Subject: Use of HEF-3 
in WS-110A, 30 November 1956; WADC Tech Note 57-123, March 1957. * Letter, Colonel E. R. Lawrence, Assistant Director for Research and Development, USAF, to Commander 
ARDC, Subject: Air Force Engine Program for High Energy Fuel, 1 July 1957. * Directive, T. H. Goss, Assistant Chief, 110A WSPO, to Chief, Operations Division, WADC, Subject: HEF 
Program, 28 January 1958. “ Letter, С. C. Rapp, Manager, |93 Aircraft Programs, GE, to Commander ARDC, Subject: J93 АП HEF Feasibility Program, 16 June 1958; Letter, Harrison A. 
Storms, Chief Engineer, North American Aviation, to Commander AMC, Subject: АП HEF B-70, 1 April 1959; Memorandum Colonel E. L. Bishop, Chief, В-70 WSPO, to Chief, Turbojet 
and Ramjet Engine Branch, Propulsion Laboratory, WADC, Subject: АП НЕЕ Turbojet Engine Feasibility Investigation, 13 April 1959; TWX, RDZSSL-30725-E, Director of Systems Man- 
agement, ARDC, to Chief of Staff USAF, 28 Мау 1958. * WADC Weekly Tech Info report, 7 July 1958.“ B-70 НЕЕ Program Summary, 28 November 1958. in the files of the AFMC History 
Office. “ Memorandum, R. E. Horner, Assistant Secretary for Research and Development, to Chief of Staff USAF, 12 February 1959. In the files of the Air Force History office. Letter, 
General T. S. Power, Commander-in-Chief, SAC, to Chief of Staff USAF, Subject: Diversion of High Energy Fuel Program, 25 March 1959. " Letter, General S. E. Anderson, Commander 
AMC, to Chief of Staff USAF, Subject: High energy Fuel Program, 1 may 1959. Letter, T. H. Goss, Assistant Chief B-70 WSPO, ARDC, to Commander-in-Chief SAC, Subject: B-70 HEF 
Program, 24 February 1959. ^ TWX, LMSA-4-1183, Commander AMC, to North American Aviation, 30 April 1959. " Letter, General T. S. Power, Commander-in-Chief SAC, to Chief of 
Staff USAF, Subject: Application of High Energy Fuel to the B-70, 25 may 1959. ° B-70 НЕЕ Program Summary, 28 November 1958. " History report, Propulsion Laboratory, МАРС, 
July-December 1958. ” Systems Management Division (ARDC) Weekly Activity Report, 24 July 1959. * TWX, AFMTPEO-6-2294, Chief of Staff USAF, to Commander ARDC, 10 August 
1959. " Aviation Week, 17 August 1959; Aviation Week, 31 august 1959; Aviation Week, 7 September 1959; New York Times, 12 August 1959. 
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AN XB-70-DERIVED PROTOTYPE 


n 7 July 1961 North American 
O released the results of a study into 

possible development plans for an 
early American supersonic transport (SST). 
The internally-funded study had been con- 
ducted to aid the Federal Aviation Agency 
(FAA - it became an Administration later) 
in establishing the development plan for an 
eventual SST. The study assumed that the 
primary goal would be to develop a super- 
sonic aircraft suitable for general airline 
passenger service and economically com- 
petitive with existing transport aircraft. 
Keep in mind that the first American jetlin- 
er, the Boeing 707, had only been in com- 
mercial service for two years, and the politi- 
cally-troubled Boeing SST project was still 
several years in the future. 


The North American study concentrated on 
the best way to develop the infrastructure 
necessary to support an SST, not necessarily 
on a definitive design for a production air- 
craft. The company realized that the devel- 
opment of an SST involved a broad spectrum 
of technical, economic, and practical prob- 
lems. Many of these problems could be 
solved by incorporating the proper qualities 
and characteristics into the aircraft, but oth- 
ers required operational solutions — such as 
research into sonic booms, air traffic control, 
airports and terminal facilities, and operat- 
ing policies, procedures, and regulations.’ 


By 1961, North American felt that the 
national investment in a commercial SST 
had already progressed considerably. They 
cited, as examples, the research necessary to 
produce supersonic fighters, and the devel- 
opment of the Convair B-58 Hustler medi- 
um bomber, which was the first long-range 
supersonic aircraft developed in the United 
States. The B-58’s fuel consumption at 
supersonic speeds was considerably better 
than previous aircraft, but the basic design 
was “essentially a compromise between effi- 
cient subsonic and supersonic perfor- 
mance.” An aircraft designed for an all- 
supersonic mission could do better. This 
was the same conclusion reached during 
the early WS-110A split-mission studies.’ 


The concept of achieving efficient super- 
sonic cruise by eliminating compromises 
for subsonic performance was first applied 
to the design of the XB-70A. Supersonic 
cruise efficiency was improved to the 
extent that the range of the aircraft at Mach 


3 speeds was comparable to subsonic air- 
craft of similar gross weights. North Ameri- 
can believed that the B-70 would provide a 
basis for a useful research aircraft, while 
admitting that it was a less than ideal con- 
figuration for any eventual production SST. 
They were quick to point out that the Unit- 
ed States government had already invested 
over $500 million in technology to support 
the B-70 program; an amount that could be 
quickly leveraged to develop an SST tech- 
nology demonstrator.* 


Unusually for an aerospace company, North 
American wanted a cautious approach, rec- 
ognizing that it would not result in an oper- 
ational aircraft in the immediate future. 
“This position presupposes that the prima- 
ry objective is a profitable commercial 
transport, and that a plan is desired which 
balances urgency, risk, and cost to the 
extent that undue risk and excessive devel- 
opment costs are avoided. If any national 
objectives, such as prestige or military 
desirability, should shift the balance so that 
urgency became the dominant considera- 
tion, with cost and risk being minor factors, 
then obviously it would be possible to 
develop an SST somewhat earlier than the 
plans presented in this report.” 
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OPERATIONAL TEST VEHICLE 
MINIMUM CHANGES TO B-70 


The report went on to describe three possible 
approaches of achieving the primary objec- 
tive of a safe, profitable, supersonic transport 
for commercial airline service. The approach- 
es were called: (1) production prototype, (2) 
experimental prototype, and (3) military or 
civil cargo prototype. Also described were 
two B-70 operational test vehicle programs 
that could be implemented.* 


North American proposed to build two 
additional XB-70 airframes, modified for 
use as SST development hacks. These air- 
craft could have flown, according to North 
American estimates, four years earlier than 
any possible purpose-designed SST proto- 
type, allowing a great deal of time to evalu- 
ate areas of interest to the SST designers.’ 


SST ENGINE TESTBED 


One of the modified XB-70s would be used 
to provide a flying testbed for new SST 
engines. Although the General Electric J93 
turbojet used in the B-70 was one of the 
keys to its great performance, it was already 
acknowledged that the J93 (and its Pratt & 
Whitney J58 pseudo-backup program) 
would not be sufficient reliable or economi- 
cal for commercial service. Because of this, 


INSTRUMENT 
COMPARTMENT 
OR CABIN 
SEATING AREA 


POTENTIAL EXPERIMENTAL TASKS 


AERODYNAMIC NOISE 
PASSENGER COMFORT 
COMPONENT RELIABILITY 
SONIC BOOM CRITERIA 

SST ENG TEST INFLIGHT 
AUTOMATIC FLT FEASIBILITY 


UPPER ATM WIND € TURBULENCE DATA 
COSMIC RADIATION € OZONE MEASUREMENTS 
HIGH ALT COMM 6 NAVIGATION PROBLEMS 
OPERATIONAL PROCEDURES 


TRAFFIC CONTROL 
EMERGENCY DESCENT 


A chart showing the potential uses of an operational test vehicle based on the 


XB-70A. (North American Aviation) 
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the government had begun financing the 
advanced Lightweight Gas Generator Pro- 
gram and had awarded contracts to both 
General Electric and Pratt & Whitney. The 
supersonic gas generator being developed 
could be adapted to several different engine 
cycles – turbofan, fan with duct burning, 
turboramjet, etc.* 


North American believed it was essential to 
gain flight experience with the new engine 
before the first prototype SST was complet- 
ed - an excellent idea given the problems 
encountered with the JTD9 turbofan on the 
subsonic 747 a few years later. To accom- 
plish this, they proposed modifying one of 
the additional XB-70 airframes to carry a 
single SST engine in place of two of the reg- 
ular J93s. This would leave three J93s on 
one side and the outboard J93 on the other 
side, allowing the aircraft to fly under any 
conditions without the use of the SST 
engine. Modifications would needed to the 
internal ducting to accommodate the 
increased mass flow required by the new 
SST engine; minor modifications to the 
external mold line would also be necessary 
to accommodate the increased diameter 
expected of the new engine.’ 


Alternately, one of the SST engines could be 
mounted underneath the fuselage. This was 
essential if the final design required external- 
ly mounting the engines — much like the 
eventual Boeing SST design. In this case, 
flight testing the inlet configurations and 
nacelle shapes would be necessary. The 
engine would be mounted on a pylon that 
could be partially retracted into what had 
been designed as the weapons bay to mini- 
mize clearance problems during takeoff and 
landing. The engine would be equipped 
with a particular inlet design to evaluate 
engine performance at a particular design 
point speed. Alternate inlet designs could be 
tested, but not during a single flight. 


PROTOTYPE SST 


The second XB-70 airframe would be modi- 
fied to a limited passenger configuration 
by removing the military electronics and 
fuel from the upper fuselage (“neck”) and 
replacing it with a small passenger com- 
partment. The fuel would either be moved 
into the area previously occupied by the 
weapons bay in the lower fuselage, or just 
simply be deleted and the range penalty 
accepted for the demonstration vehicle." 


Without changing the mold line of the 
upper fuselage, a total of 36 passenger 
could be accommodated in 4-abreast seat- 
ing. The internal diameter of the fuselage 
was only 100 inches - four feet narrower 
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than the contemporary Boeing 707. A single 
restroom would be located at the extreme 
rear of the passenger compartment. Interest- 
ingly, a galley was not included, partially 
because of a lack of room, and partially 
because all flights were expected to be so 
short as to eliminate the need for one. Two 
versions of this design were proposed. The 
first simply eliminated the fuel normally car- 
ried in the upper fuselage. This version had 
a gross takeoff weight of 337,000 pounds and 
a range of 2,900 miles. The second version 
moved 47,400 pounds of fuel into the 
weapons bay (for a total of 185,000 pounds) 
and resulted in an aircraft weighing 384,500 
pounds with a range of just over 4,000 miles. 
Passenger ingress and egress, as well as 
emergency evacuation, would be complicat- 
ed by the height of the XB-70 fuselage.” 


Two other configurations were also pro- 
posed that slightly changed the outer mold 
line, but provided more realistic passenger 
counts. Both included the weapons bay 
fuel. The first extended the internal passen- 
ger compartment by 240 inches, resulting in 
seating for 48 passengers. This version had 
a gross takeoff weight of 427,000 pounds 
and could fly 3,850 miles while cruising at 
Mach 3. The othér version increased the 
passenger compartment another 264 inches 
(for a total stretch of 504 inches) to seat 76 
passengers. The gross takeoff weight 
increased to 461,000 pounds, but range was 
reduced to only 3,600 miles at Mach 3. Nei- 


SuperSonic Transport 


ADDITIONAL SEATING POTENTIAL 


B-70 MODIFICATION 


ther modification changed the overall 
length of the fuselage, but rather resulted in 
a more pronounced “hump” in the rear part 
of the neck. The expected effect on stability 
was thought to be negligible, but given the 
marginal directional stability of the XB-70 in 
any case, the modifications would probably 
have necessitated an increase in vertical sta- 
bilizer area.” 


North American’s rationale for using an 
XB-70 as an early SST demonstrator had 
several valid points. The primary contribu- 
tion was identified as the early definition 
of problems associated with the operation 
of an SST, made possible by limited pas- 
senger flights as early as 1965. Since the 
FAA would not have certificated the air- 
craft, they would probably have been lim- 
ited to military or government (NASA, 
etc.) operations. The expected problems 
included air traffic control, airport opera- 
tions, maintenance, scheduling, etc. Suffi- 
cient lead-time was available to resolve 
these problems in an efficient and orderly 
manner before large numbers of SSTs were 
produced. Regulations and systems could 
be developed to monitor and control the 
operations of supersonic aircraft by the 
time production aircraft were introduced 
into airline service. The FAA could use the 
early service experience to write new Fed- 
eral Air Regulations covering the certifica- 
tion process and design criteria for super- 
sonic transports." 


^ 
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ө 36 PASSENGER (B-70 CONTOURS) 
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Several schemes were put forth to use the basic XB-70A airframe as an early 
prototype SST. (North American Aviation) 
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It would be possible to accumulate 
4,000-5,000 flight hours of experience prior 
to the beginning of FAA certification tests 
on the final SST. The XB-70-derived SST 
could demonstrate the feasibility of basic 
concepts associate with intercontinental 
supersonic aircraft, general performance 
characteristics, flight characteristics, and 
subsystem component reliability of an air- 
craft of comparable size and speed capabili- 
ty. The aircraft could also provide in-flight 
testing and evaluation of SST engines, envi- 
ronmental systems, navigation equipment, 
and other subsystems. North American also 
pointed out that early flights of a superson- 
ic transport might be in the national interest 
from the standpoint of international pres- 
tige since the United States could "claim" to 
have an operable SST at a very early date." 


POSSIBLE SST DESIGN 


Engineers being engineers, the Preliminary 
Design Department could not resist putting 
forth their own conceptual design for an 
SST. Surprisingly, it bore little resemblance 
to the XB-70, except for the extreme forward 
fuselage that was obviously inspired by the 
Valkyrie’s neck. The resulting aircraft was 
198 feet long, 31 feet high, and had a 192- 
foot wingspan. The gross takeoff weight 
was estimated at 450,000 pounds, and 
between 100 and 150 passengers could be 
carried at Mach 2 cruising speeds for 4,000 
miles. It was thought that a prototype of 
this aircraft could be completed within 6 
years (1967) and that the design could be 
certificated by 1973.79 


North American believed that 12 proto- 
types should be constructed and used pri- 
marily as military or civilian cargo trans- 
ports to gain experience with the design 
before committing it to production. This 
explains the very long (7,000 flight hour) 
certification period. This use was proposed 
because it was believed that both the FAA 
and the insurance companies would object 
to carrying civilian passengers on what 
amounted to experimental aircraft. The 
government, airlines, and insurance com- 
panies still remembered the unhappy 
experience with the first commercial jetlin- 
er - the de Havilland Comet. It was also 
acknowledged that any civilian cargo oper- 
ations using the aircraft would most prob- 
ably lose money since the operating costs 
were expected to be higher than subsonic 
air-freighters." 


North American also extrapolated the gen- 
eral characteristics of a commercial SST 
into a MATS (Military Air Transport Ser- 
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vice) supersonic logistics aircraft. North 
American believed that the fuselage cross- 
section preferred for a commercial trans- 
port was satisfactory to perform many 
MATS missions such as the transportation 
of troops or dependents, or carrying mili- 
tary limited-war cargo on standard 98x108- 
inch pallets. It was decided to optimize the 
design as a commercial passenger trans- 
port, and then develop the necessary mod- 
ifications, primarily to permit cargo load- 
ing, to allow a reasonable MATS transport 
to emerge.'* 


North American investigated several 
options for providing cargo access to the 
aircraft, including a swinging nose door, a 
nose ramp, and a traditional side cargo 
door. The nose ramp emerged as the most 
practical; it provided more loading flexibili- 
ty than the side cargo door and was less 
complex than the swinging nose door. Since 
this configuration was almost identical to 
the aerodynamic shape of the assumed 
commercial SST, the re-engineering neces- 
sary to change the aircraft from a MATS 
configuration to one suitable for commer- 
cial passenger operations was minimal. The 
experience gained from limited MATS ser- 
vice were therefore directly applicable to 
the final commercial version.” 


During a limited (non-nuclear) war, the 
supersonic transport could support modern 
high-performance combat forces immedi- 
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ately, anywhere іп the world. North Атпегі- 
can pointed out that the then-new super- 
sonic retaliatory and strike forces were sup- 
ported by low-speed subsonic transports, 
and believed that strategic and tactical 
forces should be supported, at least in criti- 
cal areas, by transport aircraft of equal 
speed capabilities. The basic design 
required runways 5,500 feet long, and could 
transport 40,000 pounds of cargo 3,000 nm 
at over Mach 2.” 


SUMMARY 


In the end, no action was taken on North 
American's proposal, although some of the 
experiments they proposed for the two 
additional XB-70 aircraft (sonic boom mea- 
surements, subsystems development, etc.) 
were actually performed much later on the 
two Air Force-NASA XB-70As. The cost 
and political turmoil surrounding the B-70 
program fairly much guaranteed that they 
could not be used directly as SST proto- 
types. Eventually, the FAA and NASA 
would undertake the development of a 
commercial SST with Lockheed and Boeing 
playing major roles, but again, cost and 
political turmoil would end the program 
before any significant hardware was built. 
The Soviet Union and Europe would go on 
to build small SST fleets that proved to be 
very uneconomical and controversial. 
Forty years later, the world is still waiting 
for an American SST to appear. 


! North American Report NA-61-367, Supersonic Transport Development Plans Study, 7 July 1961. ? Ibid. ° Ibid. * Ibid. * Ibid. * Ibid. 7 Ibid. * Ibid. ° Ibid. " Ibid. " Ibid. " Ibid. " Ibid. * Ibid. 
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SIGNIFIC/ 


1947 : 
The Air Force begins developing require- 
ments for a supersonic bomber. 


14 October 1947 
Chuck Yeager makes first intentional 
supersonic flight in the Bell XS-1. 


30 March 1953 
The Strategic Air Command requests the 
development of a supersonic bomber 


1 May 1953 
Boeing is issued a contract to study a 
supersonic intercontinental bomber 


October 1954 
The Air Force issues GOR 38 for a high- 
speed intercontinental bomber 


29 December 1954 

The Air Council authorizes the develop- 
ment of a chemically-powered bomber as 
WS-110A and a nuclear-powered bomber 
as WS-125A. 


February 1955 
GOR 96 is issued for a high-speed recon- 
naissance aircraft similar to GOR 38. The 
system is designated WS-110L. 


18 February 1955 

The Air Force issues SR 22 for a chemical- 
ly-powered bomber possessing “maxi- 
mum possible speed." 


22 March 1955 

GOR 82 supercedes GOR 38 calling for a 
bomber with the maximum possible 
"supersonic" speed over the target. 


16 July 1955 

Six airframe contractors — Boeing, Conva- 
ir, Douglas, Lockheed, Martin, and North 
American - are asked to bid on the 
WS-110A /L aircraft. Only Boeing and 
North American express an interest. 


6 October 1955 
GOR 114 is issued for the WS-202A Mach 
3 interceptor that will become the XF-108. 


8 November 1955 
Boeing and North American are awarded 
WS-110A/L development contracts. 


September 1956 
The Boeing and North American designs 

are rejected and the contractors advised to 
“return to the drawing boards.” 
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Key DATES IN THE HISTORY OF THE NORTH AMERICAN XB-70A VALKYRIE 


6 June 1957 

North American Aviation receives a con- 
tract to develop the XF-108 all-weather 
two-man Mach 3 interceptor. 


26 July 1957 

General Electric is awarded a contract to 
develop the J93 engine that will power the 
WS-110A aircraft. 


18 October 1957 
Boeing and North American submit 
revised proposal for the WS-110A/L. 


23 December 1957 
North American is announced as the win- 
ner of the WS-110A/L competition. 


February 1958 

The WS-110A aircraft is designated B-70. 
Later the same month, the WS-110L recon- 
naissance aircraft is cancelled. 


3 July 1958 
The B-70 is named Valkyrie. 


26 January 1959 
The XF-108 mockup is inspected at the 
North American plant in Inglewood. 


30 March 1959 
The B-70 mockup is reviewed at the North 
American plant in Inglewood. 


15 May 1959 
The XF-108 is named Rapier. 


10 August 1959 

The high energy fuel program is can- 
celled, and long with it the J93-GE-5 
engine for the B-70. 


23 September 1959 
The XF-108 project is cancelled. 


1 December 1959 

The B-70 program is reduced to a single 
prototype and most subsystem develop- 
ment is cancelled entirely. 


August 1960 

The B-70 program is restructured into a 
weapons system development effort and 
11 YB-70 service test aircraft are ordered in 
addition to the one XB-70 prototype. 


31 March 1961 
The program is reduced again, this time to 
three prototypes plus the IBM bombing 

and navigation system. 


WARBIRDTECH 


11 May 1964 
A/V-1 is rolled out in Palmdale. 


21 September 1964 
The maiden flight of A/V-1. All did not go 
according to plan. 


12 October 1964 
A/ V-1 breaks the sound barrier for the 
first time, on her third flight. 


25 October 1964 
А/Ү-1 returns to Palmdale for structural 
testing. 


16 February 1965 
Testing complete, A/ V-1 makes her fifth 
test flight. 


29 May 1965 
А /У-2 is rolled out in Palmdale. 


17 July 1965 
A /У-1 makes her first flight, breaking the 
sound barrier at 42,000 feet. 


14 October 1965 

А / V-1 records Mach 3.02 at 70,000 feet — 
the first Mach 3 flight of the program, and 
the last for A/V-1 due to concerns her 
honeycomb skin will separate at high 
speeds. 


3 January 1966 
А/У-2 reaches Mach 3.05. 


24 March 1966 

The airshow at Carswell AFB, Texas, is 
visited by A/V-2 – the only time a B-70 
landed someplace besides Edwards or 
Palmdale (except for the last flight). 


19 May 1966 
А /У-2 flies at Mach 3.006 for 33 minutes. 


6June 1966 
The National Sonic Boom Program begins. 


8 June 1966 

А mid air collision kills A/V-2 copilot Carl 
Cross and F-104 pilot Joe Walker, and 
results in the loss of the second XB-70A. 


13 January 1969 
NASA announces the XB-70A program is 
being terminated. 


4 February 1969 
The last flight of A/V-1 — to the Air Force 
Museum at Wright-Patterson AFB, Ohio. 
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The Wrong Stuff, by John Moore. 
Author John Moore is the "cat with 
nine lives" of the aviation fraternity. 
From his early days as a Naval 
Aviation Cadet he had a knack for 
flying, but always seemed to be in 
the neighborhood of disaster. 
Through two Korean combat tours, 
Navy test operations, his years as 
a test pilot for North American 
Aviation, and time in the space 
program, he was associated with 
many near and some real catas- 
-trophes. 6 x 9 inches, 192 pages, 
100 b/w photos. Hdbd. 
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How to Build and Modify Resin 
Model Aircraft Kits, by Richard 
Marmo. Until now, information on 
building resin model kits has been 
hard to come by. This book pro- 
vides you with enough information 
to confidently tackle any resin kit. 
Includes detailed information on 
tools, airbrushes, glues and 
paints, conversions, working with 
resin, replicating bare metal finish- 
es, and proper display methods. 
8-1/2 x 11 inches, 132 pages, 350 
color photos. Full color throughout. 
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MiG Alley: Sabres vs. MiGs Over 
Korea, by Warren E. Thompson 
and David McLaren. Relates the 
intense air battles fought by F-86 
Sabres and MiG-15s over North 
Korea's infamous “MiG Alley" dur- 
ing the Korean War. Included are 
in-depth interviews with F-86 pilots 
that explain tactics and details of 
encounters and kills against MiG 
pilots. One outstanding feature of 
this book is that it provides a day- 
by-day running account of MiG 
versus Sabre air battles. In addi- 
tion a detailed record of the fate of 
each and every Sabre that served 
in Korea is included.10 x 10 inch- 
es, 264 pages, 100 b/w and 150 
color photographs. Hdbd. 
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BAGHDAD 


Personal Stories of Flying the F-117 Over Iraq 


Warren E. Thompson 


Bandits Over Baghdad: Personal 
Stories of Flying the F-117 Over 
Iraq, by Warren E. Thompson. 
Personal stories of flying the F-117 
over Iraq. This work comprises 
verbatim accounts taken from 
pilots who flew the unarmed F-117 
into the "mother of all battles," and 
returned without so much as a 
scratch on their aircraft. Includes 
maps and full color images of spe- 
cial squadron emblems and patch- 
es. 6 x 9 inches, 216 pages, 107 
b/w and 29 color images. Hdbd. 
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Lt. Col. GEORGE FORTY, OBE, FMA 


Vital Guide to Special Forces, by 
Lt. Col. George Forty. Comman- 
dos, Seals, Rangers, the SAS — 
these names conjure pictures of 
daring raids and rescues. These 
are the elite of the military world, 
soldiers sent in to combat terrorists, 
killers, hijackers, and other dark 
forces in this unsettled world. This 
book details the world’s special elite 
forces, their history, growth, current 
organization, weapons and equip- 
ment. Each country's special forces 
are covered with numerous color 
photos and unit badges. 6 x 9 inch- 
es, 112 pages, full color throughout. 
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Magnesium Overcast: The Story 
of the Convair B-36 by Dennis R. 
Jenkins. The author did extensive 
research in various archives 
around the country, which uncov- 
ered new and previously unpub- 
lished details about the B-36 
and its derivatives. This material 
includes new photos of the never- 
flown second prototype YB-60, 
and the devastating 1952 Texas 
tornado that almost wiped out a 
good part of the existing B-36 fleet. 
Coverage includes a look at 
weapons, decoys, and electronics. 
10 x 10 inches, 264 pages, 505 
b/w and 53 color photos. Hdbd. 
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Vital Guide to Military Aircraft, 
by Robert Hewson. This 2nd edi- 
tion provides concise and com- 
plete coverage of every major 
combat aircraft in service or under 
development, around the world. 
With nearly 120 fully revised and 
updated entries, it details the his- 
tory, current status and future 
plans for each aircraft while pro- 
viding full specifications and tech- 
nical details for every type. 
Illustrated in color throughout, it is 
an indispensable guide to modern 
military aviation. 6 x 9 inches, 112 
pages, full color throughout. Наба. 
Item SX065 


DESIGN OF HONEYCOMB PANELS 


PADDED FOR CAP AND EDGE — 
ATTACHMENT 


WELDED SKIN me 


CORE DENSIFIED ALONG Af 
EDGES AND UNDER MEMBERS — / 


LIKE THE MAIDEN IT WAS NAMED FOR, THE 


VALKYRIE AWED THOSE AROUND IT. BEAUTIFUL 


2 


RI c 
AT m. 


TION, THE B-70 WOULD HAVE BEEN THE ULTI- === = 


IN FORM, AND ALMOST UNBELIEVABLE IN FUNC- 


MATE INCARNATION OF CURTIS LEMAY'S VISION 
OF A STRATEGIC BOMBER. BUT IT WAS NOT TO BE. 
THE POLITICAL AND FISCAL CLIMATE THAT EXIST- 
ED DURING THE 1960s STRANGLED — THEN 
KILLED — THE AIRCRAFT ALMOST BEFORE IT WAS 
BORN. OF COURSE, THERE WERE OTHER REASONS. INTERCONTINENTAL BALLISTIC MISSILES BECAME 
FEASIBLE, AND WERE CONSIDERED — PERHAPS INCORRECTLY — TO BE MUCH LESS EXPENSIVE TO BUILD 
AND MAINTAIN. THE SOVIET UNION, THE ONLY REAL TARGET FOR THE BOMBER, WAS DEVELOPING 
SURFACE-TO-AIR MISSILES THAT MIGHT HAVE BEEN CAPABLE OF DEFEATING THE AIRCRAFT. BUT ULTI- 
MATELY IT WAS ROBERT MCNAMARA AND HIS WHIZ KIDS WHO REDUCED THE PROGRAM TO A PAIR 


OF TECHNOLOGY DEMONSTRATORS AND DISMISSED THE MANNED BOMBER AS A VIABLE WEAPON. 


THIS IS THE STORY OF THE LARGEST MACH 3 AIRCRAFT EVER FLOWN 


— THE NORTH AMERICAN AVIATION XB-70A VALKYRIE. 
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